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IVlassachusetts  institute  of  Technology 


anuironinontpl  Progrnmp  Qff  ige  77  Massachusetts  Ay#pue 

Environmental  Management  Office     Cambridge,  /vlassaehusetts 

0213^.4307 


April  13,  2Q00 


National  Guaj<J  Bureau 
Office  of  the  Chief  Counsel 
ATTN:  NQB-JA  (Ms.  Senctek) 
14 U  Jefferson  Davis  Avq, 
Arlington,  V A  22202-3231 


MIT 


Re:       Request  for  Information  Pursuant  to  Section  1Q4  qf  CERCLA,  for  Massachusetts 
Military  Reservation 


f 


Dear  Ms.  Sendelc: 

Enclosed  please  find  the  Response  of  the  Massachusetts  Institute  of  Technology 
("MIT")  to  the  United  States  Department  of  Defense's  Request  for  Information  Regarding 
the  Massachusetts  Military  Reservation  in  Cape  Cod,  Massachusetts  ("MMR"). 

As  you  will  see,  MIT's  presence  at  the  Site  was  extremely  limited.  MIT  conducted 
observations  and  experiments  on  behalf  of  the  United  States  government  on  a  small  portion 
of  the  MMR  during  just  a  few  weeks  of  the  sixty-year  time  period  for  which  information  is 
sought,  and  MIT  never  had  any  lease  or  other  real  property  rights  to  any  portion  of  the 
MMR. 

Please  feel  free  to  call  me  at  (617)  253-9492  if  you  have  any  questions. 

Very  truly  yours, 

'vVuliam  Van  Schalkwyk,  Director 
Environmental  Management  Office 
Massachusetts  Institute  of  Technology 
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Massachusetts  Institute  of  Technology  Environmental  Programs  Office  77  Massachusetts  Avenue 

Environmental  Management  Office     Cambridge,  Massachusetts 

02139-4307 


MIT 


April  13,  2000 


National  Guard  Bureau 
Office  of  the  Chief  Counsel 
ATTN:  NGB-JA  (Ms.  Sendek) 
1411  Jefferson  Davis  Ave. 
Arlington,  VA  22202-3231 

Re:       Request  for  Information  Pursuant  to  Section  104  of  CERCLA,  for  Massachusetts 
Military  Reservation 

Dear  Ms.  Sendek: 

Enclosed  please  find  the  Response  of  the  Massachusetts  Institute  of  Technology 
("MIT")  to  the  United  States  Department  of  Defense's  Request  for  Information  Regarding 
the  Massachusetts  Military  Reservation  in  Cape  Cod,  Massachusetts  ("MMR"). 

As  you  will  see,  MIT's  presence  at  the  Site  was  extremely  limited.  MIT  conducted 
observations  and  experiments  on  behalf  of  the  United  States  government  on  a  small  portion 
of  the  MMR  during  just  a  few  weeks  of  the  sixty-year  time  period  for  which  information  is 
sought,  and  MIT  never  had  any  lease  or  other  real  property  rights  to  any  portion  of  the 
MMR. 

Please  feel  free  to  call  me  at  (617)  253-9492  if  you  have  any  questions. 

Very  truly  yours, 


'M 


/assist" ' 
William  Van  Schalkwyk,  Director 
Environmental  Management  Office 
Massachusetts  Institute  of  Technology 


Director 

Building   4-110 

Phone     617.253.9492 

Fax  617.4523110 


Jordan  Bourne  Public  Libary 
1©  Sandwich  R<j. 
Bourn«,  MA  02432 

y 


Response  of  the  Massachusetts  Institute  of  Technology  to  the 

United  States  Department  of  Defense's  Request  for  Information  Regarding  the 

Massachusetts  Military  Reservation  in  Cape  Cod,  Massachusetts 

Introduction 

This  is  the  response  of  the  Massachusetts  Institute  of  Technology  ("MIT")  to  the  United 
States  Department  of  Defense's  ("DOD")  two  separate  Requests  for  Information  (collectively  the 
"Request")  regarding  the  Massachusetts  Military  Reservation  (the  "Site").  The  responses  to  the 
Request  were  prepared  based  upon  information,  knowledge  and  belief  obtained  from  a  review  of 
MIT's  available  records  at  its  main  campus  and  Lincoln  Laboratory,  and  from  interviews  with 
persons  employed  by  MIT  during  the  relevant  period. 

General  Statement  of  Objections 

MIT's  presence  at  the  Site  was  extremely  limited  and  does  not  give  rise  to  any  liability 
for  hazardous  waste  contamination  under  federal  or  state  law.  The  observations  and  experiments 
it  conducted  on  behalf  of  the  United  States  government  were  conducted  on  a  small  portion  of  the 
Site  during  just  a  few  weeks  of  the  sixty-year  time  period  for  which  information  is  sought.  MIT 
never  had  any  lease  or  other  real  property  rights  to  any  portion  of  the  Site.  The  small  number  of 
mortar  and  artillery  shells,  many  of  which  were  inert,  that  were  fired  by  United  States  military 
personnel  and  contractors  as  part  of  MIT's  government-sponsored  experiments  is  dwarfed  by  the 
millions  of  rounds  fired  by  the  United  States  government  during  the  period  in  question.  MIT  has 
made  its  best  efforts  to  thoroughly  and  accurately  present  all  information  concerning  its  activities 
on  the  Site  and  to  align  those  disclosures  with  the  Request.  However,  MIT  generally  objects  to 
questions  concerning  activities  of  MIT  that  did  not  involve  hazardous  substances,  or  which 
involve  the  activities  of  entities  unrelated  to  MTT. 


MIT  also  objects  generally  to  DOD's  characterization  of  MIT  as  an  operator  at  the  Site. 
First,  all  of  MIT's  activities  at  the  Site  were  conducted  under  government  contract  with  the 
DOD,  specifically  with  the  United  States  Air  Force,  and  funded  by  the  government  through  the 
United  States  Defense  Advanced  Research  Project  Agency  and  the  Aeronautical  Systems 
Division/ AEI.  Moreover,  all  of  the  military  equipment  was  operated  and  ordnance  fired  by 
DOD,  either  directly  through  DOD  personnel  or  through  a  contractor  working  with  DOD  on  the 
Site.  Thus,  MTT's  responses  to  any  requests  using  the  term  "operations,"  "operate,"  or  a 
derivative  may  not  be  construed  as  an  admission  that  MTT  was  an  operator  under  CERCLA. 

MIT  further  objects  generally  to  the  Request  to  the  extent  it  seeks  information  not 
currently  in  its  possession  or  control,  and  to  the  extent  the  Request  seeks  information  from  MTT 
about  activities  of  other  entities  on  the  Site  that  were  directly  responsible  to  the  DOD.  Similarly, 
MTT  objects  to  the  Request  to  the  extent  that  it  seeks  information  outside  the  period  which  MTT 
had  any  relationship  or  conducted  activities  on  the  Site. 

Subject  to  these  objections,  and  any  specific  objections  noted  below,  MTT  responds  as 
follows. 


RESPONSE  TO  DEPARTMENT  OF  DEFENSE 
INFORMATION  REQUEST  I 

1.  General  Information  About  Respondent: 

Note:  AH  questions  in  this  section  refer  to  the  present  time  unless  otherwise 
indicated. 

Information  Request  1(a): 

Provide  the  full  legal  name  and  mailing  address  of  the  Respondent. 

Response  to  Information  Request  1(a): 

Massachusetts  Institute  of  Technology 
77  Massachusetts  Avenue 
Cambridge,  MA  02139 
Information  Request  1(b): 

For  each  person  answering  these  questions  on  behalf  of  Respondent,  provide: 

full  name; 
i.         title; 

ii.        business  address; 
v.         business  telephone  number  and  FAX  machine  number. 

Response  to  Information  Request  1(b): 


William  Van  Schalkwyk 

Director,  Environmental  Management  Office 

77  Massachusetts  Avenue 

Building  4,  Room  1 10 

Cambridge,  MA  02139 

617-253-9492 

617-452-3110  (FAX) 

Information  Request  1(c): 

If  Respondent  wishes  to  designate  an  individual  for  all  future  correspondence  concerning 
this  Site,  including  any  legal  notices,  please  so  indicate  by  providing  that  individual's  name, 
address,  telephone  number,  and  FAX  number. 


Response  to  Information  Request  1(c): 

Jamie  Lewis  Keith,  Esquire 

Managing  Director  of  Environmental  Programs  and  Senior  Counsel 

Massachusetts  Institute  of  Technology 

77  Massachusetts  Avenue 

Cambridge,  MA  02139 

Information  Request  1(d): 

State  the  dates  during  which  Respondent  conducted  business  at  the  Site. 
Response  to  Information  Request  1(d): 

Without  waiving  any  of  its  objections,  see  Response  to  Information  Request  1(d)  in 
MIT's  Response  To  Department  Of  Defense  Information  Request  n. 

Information  Request  1(e): 

List  the  Standard  Industrial  Classification  (SIC)  code  for  the  business  at  each  location. 
Response  to  Information  Request  1(e): 

The  MTT  campus  in  Cambridge,  MA,  is  SIC  8221.  The  MIT  -  Lincoln  Laboratory, 
Lexington,  MA,  is  SIC  8733. 

Information  Request  1(f): 

Describe  the  nature  of  the  Respondent's  business  at  the  Site. 
Response  to  Information  Request  1(f): 

MTT  conducted  a  series  of  infrared  and  communications  studies  at  the  Site  under  contract 
with,  inter  alia,  the  United  States  Air  Force.  MTT's  activities  are  more  fully  detailed  in  MIT's 
Response  To  Department  Of  Defense  Information  Request  n. 

Information  Request  1(g): 

For  MMR,  identify  all  surveys,  studies,  or  collections  of  data  for  which  Respondent  has 
submitted  information  to  local,  state,  federal,  or  private  entities  about  its  waste  disposal/recycling 
practices. 


Response  to  Information  Request  1(g): 

MIT  objects  to  the  scope  of  this  request  as  being  overbroad.  Without  waiving  any  of  its 
objections,  with  regard  to  the  Site,  MIT  states  none. 

Information  Request  1(h): 

Provide  a  copy  of  the  Information  submitted  by  Respondent  for  such  survey  or  study. 
Response  to  Information  Request  1(h): 

See  Response  to  Information  Request  1(g). 

Information  Request  l(i): 

Provide  a  copy  of  the  resulting,  survey,  study,  or  collection  of  data. 

Response  to  Information  Request  l(i): 

See  Response  to  Information  Request  1(g). 

2.  Respondent's  Legal  and  Financial  Status 

Note:  All  questions  in  this  section  refer  to  the  present  time  unless  otherwise 
indicated. 

Information  Request  2(a): 

If  the  Respondent  has  ever  done  business  under  any  other  name. 

i.  list  each  such  name;  and 

ii.         list  the  dates  during  which  such  name  was  used  by  Respondent. 

Response  to  Information  Request  2(a): 

MIT  has  never  done  business  under  any  other  name. 


Information  Request  2(b): 

If  Respondent  is,  or  was  at  any  time  during  the  period  being  investigated,  a  subsidiary  of, 
otherwise  owned  or  controlled  by,  or  otherwise  affiliated  with  another  corporation  or  entity,  then 
describe  the  nature  of  each  such  corporate  relationship,  including  but  not  limited  to: 

i.  a  general  statement  of  the  nature  of  the  relationship; 

ii.  the  dates  such  relationship  existed; "' 

iii.        the  percentage  of  ownership  of  Respondent  that  is  held  by  such  other  entity;  and 
iv.         for  each  such  affiliated  entity  provide  the  names  and  complete  addresses  of  its 
parent,  subsidiary,  and  otherwise  affiliated  entities. 

Response  to  Information  Request  2(b): 

MIT  has  never  been  a  subsidiary  of,  otherwise  owned  or  controlled  by,  or  otherwise 
affiliated  with  another  corporation  or  entity. 

Information  Request  2(c): 

With  regard  to  MMR  only:  Identify  all  of  Respondent's  predecessors-in-interest  and 
provide  a  description  of  the  relationship  between  Respondent  and  each  of  those  predecessors-in- 
interest. 

Response  to  Information  Request  2(c): 

MIT  has  no  predecessors-in-interest. 

Information  Request  2(d): 

If  Respondent  no  longer  exists  as  a  legal  entity  because  of  dissolution  provide: 

i.  a  brief  description  of  the  nature  and  reason  for  dissolution; 

ii.  the  date  of  dissolution; 

iii.  documents  memorializing  or  indicating  the  dissolution  of  the  entity;  and 

iv.  a  statement  of  how  and  to  whom  the  entity's  assets  were  distributed. 

Response  to  Information  Request  2(d): 
MTT  still  exists  as  a  legal  entity. 
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Information  Request  2(e): 

If  Respondent  no  longer  exists  as  the  same  legal  entity  it  was  during  the  period  being 
investigated  because  of  transactions  involving  asset  purchase  or  mergers,  provide: 

i.  the  titles  and  dates  of  the  documents  that  embody  the  terms  of  such  transactions 

(i.e.,  purchase  agreements,  merger  and  dissolution  agreements,  etc.); 
ii.         the  identities  of  the  seller,  buyer,  arid  any  other  parties  to  such  transactions;  and 
iii.        a  brief  statement  describing  the  nature  of  the  asset  purchases  or  mergers. 

Response  to  Information  Request  2(e): 

MIT  still  exists  as  the  same  legal  entity. 


3.  Information  About  Others: 

Information  Request  3(a): 

If  you  have  information  concerning  the  operation  of  the  Site  or  the  source,  content  or 
quantity  of  materials  placed/disposed  at  the  Site  that  is  not  included  in  the  information  you  have 
already  provided,  provide  all  such  information. 

Response  to  Information  Request  3(a): 

MIT  has  no  additional  information  to  add  to  its  responses. 

Information  Request  3(b): 

If  not  already  included  in  your  response,  if  you  have  reason  to  believe  that  there  may  be 
persons,  including  persons  currently  or  formerly  employed  by  Respondent,  who  are  able  to 
provide  a  more  detailed  or  complete  response  to  any  of  these  questions  or  who  may  be  able  to 
provide  additional  responsive  documents,  identify  such  persons  and  the  additional  information  or 
documents  that  they  may  have. 

Response  to  Information  Request  3(b): 

MTT  has  no  additional  information  to  add  to  its  responses. 

Information  Request  3(c): 

If  not  already  provided,  identify  all  persons,  including  Respondent's  current  and  former 
employees,  who  have  knowledge  or  information  about  the  generation,  use,  purchase,  treatment, 
storage,  disposal,  placement  or  other  handling  of  materials  at,  or  transportation  of  materials  to, 
the  Site. 


Response  to  Information  Request  3(c): 

MIT  has  no  additional  information  to  add  to  its  responses. 

4.  Compliance  With  This  Reqogt 

Information  Request  4(a): 

Describe  all  sources  reviewed  or  consulted  in  responding  to  this  request,  including  but 
not  limited  to: 

i.  the  names  of  all  individuals  consulted; 

ii.  the  current  job  title  and  job  description  of  each  individual  consulted; 

iii.         the  job  title  and  job  description  during  the  period  being  investigated  of  each 

individual  consulted; 
iv.         whether  each  individual  consulted  is  a  current  or  past  employee  of  Respondent; 
v.  the  names  of  all  divisions  or  offices  of  Respondent  for  which  records  were 

reviewed; 
vi.        the  nature  of  all  documents  reviewed;  and 

vii.        the  locations  where  those  documents  reviewed  were  kept  prior  to  review;  and 
viii.      the  location  where  those  documents  reviewed  are  currently  kept. 

Response  to  Information  Request  4(a): 

The  following  three  individuals  were  primarily  responsible  for  compiling  and/or 
providing  information  responsive  to  the  Request. 

i.  Name; 

David  G.  Woodbury,  Sr. 
ii.  Current  title  and  job  description; 

Division  Head,  Administrative  Division 
iii.         Title  and  Job  description  at  time  of  activities; 

Mr.  Woodbury  was  not  a  participant  in  MIT's  activities  at  the  Site.  He  aided  in  the 
responses  to  this  Request  by  searching  MIT's  archives  and  collecting  responsive  documents. 


iv:         Employment  Status; 

Mr.  Woodbury  is  currently  employed  by  MIT  -  Lincoln  Laboratory. 


*** 


i.  Name; 

Dr.  William  E.  Keicher 
ii.  Current  title  and  job  description; 

Associate  Group  Leader,  Technical  Defense  Systems  Group,  MTT  -  Lincoln  Laboratory 

Group  technical  management,  electro-optic  and  radar  systems  analysis 
iii.         Title  and  Job  description  at  time  of  activities; 

Test  Director 

Supervisor  and  coordinator  of  experiments 
iv:         Employment  Status; 

Dr.  Keicher  is  currently  employed  by  MTT  -  Lincoln  Laboratory. 


*** 


i.  Name; 

LTC  Richard  Calvani,  USAR  (Ret.) 
ii.  Current  title  and  job  description; 

Engineering  Assistant,  Systems  Administration 

iii.         Title  and  Job  description  at  time  of  activities; 

Captain,  Massachusetts  Army  National  Guard 

Range  Safety  Officer 

Electro  Mechanical  Technician,  MIT  -  Lincoln  Laboratory 

Setup  and  troubleshooting  of  equipment  measurements,  and  Group  Coordinator  for 
military  support  to  MIT  -  Lincoln  Laboratory 

iv:         Employment  Status; 

Mr.  Calvani  is  currently  employed  by  MIT  -  Lincoln  Laboratory. 


*** 


Information  general  to  all  investigative  efforts  and  consulted  individuals, 
v.  Division  names  or  offices  for  record  reviews; 

MIT  searched  its  archives  at  its  main  campus  and  at  Lincoln  Laboratory  for  all  references 
to  the  Site. 

vi:         Nature  of  documents  reviewed; 

All  reports,  proposed  test  reports,  notebooks,  and  other  likely  repositories  of  information 
were  searched. 

vii:        Location  of  documents  at  time  of  review; 
Most  reports  were  in  MIT's  archives. 

viii:      Present  location  of  documents; 

Originals  of  all  documents  have  been  returned  to  their  original  locations,  and  copies  are 
attached  to  this  response. 


I 
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RESPONSE  TO  DEPARTMENT  OF  DEFENSE 
INFORMATION  REQUEST  II 

1.  Property  Interest  Within  the  Site: 

Information  Request  1(a): 

Identify  (see  Definitions)  each  and  every  owner  of  property  within  the  Site  owned  or 
operated  by  the  Respondent  at  any  point  during  the  period  being  investigated. 

Response  to  Information  Request  1(a): 

None.  MTT  states  that  it  did  not  own  or  operate  any  entity  that  owned  real  property 
within  the  Site. 

Information  Request  1(b): 

Provide  a  map  or  a  detailed  narrative  description  indicating  the  boundaries  of  each  such 
property  in  relation  to  the  Site. 

Response  to  Information  Request  1(b): 

Not  applicable. 

Information  Request  1(c): 

Provide  the  dates  on  which  Respondent  operated  on  each  such  property,  whether  or  not 
Respondent  owned  the  property. 

Response  to  Information  Request  1(c): 

Without  waiving  any  of  its  objections,  MTT  states  that  it  conducted  limited  experiments  at 
the  Site  which  were  sponsored  by  the  United  States  Defense  Advanced  Research  Project  Agency 
and  the  Aeronautical  Systems  Division/ AEI  pursuant  to  Lincoln  Laboratory's  contract  with  the 
United  States  Air  Force.  The  experiments  were  conducted  on  a  limited  number  of  days  during 
the  following  periods  of  time:  January  27,  1976  to  March  12,  1976;  February  14,  1977  to  March 
25,  1977;  September  12,  1977  to  October  14,  1977;  January  16,  1978  to  February  17,  1978; 
March  28,  1979  to  April  5,  1979;  and  during  the  Summer  of  1980. 
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Information  Request  1(d): 

Describe  all  activities  undertaken  at  the  Site  by  the  Respondent  for  the  full  period  being 
investigated,  including  but  not  limited  to: 

i.  a  brief  narrative  of  the  day  to  day  operation  of  the  Site  for  every  three  year  period 

of  ownership; 

ii.  a  description  of  the  Respondent's  activities  at  the  Site  by  date; 

hi.        a  description  of  the  generation,  storage,  placement,  disposal  or  treatment  of 
wastes  at  the  Site  by  date; 

iv.        the  identification  of  (see  Definitions)  contractors,  tenants,  or  others  who  carried 
out  operations  at  the  Site; 

v.  a  description  of  the  activities  each  contractor  or  other  took  at  the  Site  by  date; 

vi.         a  description  of  the  collection  of  monies  or  other  compensation  for  use  of  the  Site 
by  others; 

vii.        a  description  of  the  construction  and/or  demolition  of  any  surface  or  subsurface 
structures  at  the  Site  (including  but  not  limited  to  the  dates  such  activities  took 
place);  and 

viii.       a  description  of  any  other  significant  operations  or  activities  at  the  Site. 

Response  to  Information  Request  1(d): 

MIT  objects  to  the  scope  of  this  request  as  being  overbroad.  Without  waiving  any  of  its 
objections,  MIT  states  that  it  conducted  six  separate,  limited  experiments  at  the  Site  during  the 
time  periods  described  below.  MIT  further  objects  to  this  request  to  the  extent  that  it  seeks 
information  regarding  the  activities  of  any  party  or  contractor  that  was  not  related  to  the 
following  experiments  conduced  on  behalf  of  the  United  States. 


<m> 
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Experiment  I:  Hostile  Weapons  Location  Program 
Infrared  Mortar  Locator  Project 

i.  Narrative  of  day  to  day  operations  for  Experiment  I  during  ownership; 

MIT  did  not  own  the  Site. 

ii .  Description  of  Respondent 's  Activities  for  Experiment  I; 

Pursuant  to  its  contract  with  the  United  States  Air  Force,  between  January  27,  1976  and 
March  12,  1976,  MIT  -  Lincoln  Laboratory  used  infrared  detection  equipment  to  record  the 
infrared  signatures  of  in-flight  projectiles.  The  maximum  number  of  projectiles  fired  by  United 
States  Army  Special  Forces  troops  was  approximately  211  mortar  rounds  fired.  A  description  of 
these  activities  is  contained  in  the  Test  Plan,  dated  January  16,  1976,  attached  as  Exhibit  A; 
Report  TT-16  dated  August  25,  1976,  attached  as  Exhibit  B;  and  ARPA/TTO  Semiannual  Report 
dated  July  31,  1976,  p.  33,  attached  as  Exhibit  C. 

iii.         Generation,  placement  and  storage  of  waste  for  Experiment  I; 

MIT  believes  that  all  of  the  mortar  rounds  were  expended  upon  firing,  except  for  the 
metal  projectiles. 

iv.         Contractors,  tenant  and  others  on  the  Site  for  Experiment  l\ 

As  discussed  above,  Special  Forces  troops  fired  the  mortars  used  in  the  experiment.  The 
Massachusetts  Army  National  Guard  monitored  range  safety  and  maintained  security  of  the 
weapons,  ammunition  and  other  military  equipment  on  the  Site.  In  addition,  electronic  systems 
advisors  from  Phillips  Audio  Video  Systems  Corporation  were  onsite  to  provide  technical 
assistance  in  the  operation  of  the  infrared  monitoring  system. 
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v.  Activities  of  Contractors  on  the  Site  for  Experiment  I; 

10th  Special  Forces  personnel  fired  the  21 1  rounds.  These  rounds  were  all  high  explosive 
("HE")  rounds.  86  of  the  rounds  were  81mm  mortars.   125  of  the  rounds  were  4.2"  mortars. 
Phillips  Audio  Video  Systems  Corporation  personnel  were  onsite  to  provide  technical  assistance 
in  the  operation  of  the  infrared  monitoring  system  during  the  experiments. 

vi.         Collection  of  monies  for  Experiment  I; 

MIT  did  not  pay  any  money  for  the  use  of  the  Site  to  conduct  this  experiment. 
vii.        Construction  and/or  demolition  of  structures  for  Experiment  I; 

MIT  neither  constructed  not  demolished  any  structures  during  Experiment  I. 
viii.  Other  significant  operations  or  activities  at  the  Site  for  Experiment  I; 

None. 

*** 

Experiment  II:  Hostile  Weapons  Location  Program 
Infrared  Mortar  Locator  Project 

i.  Narrative  of  day  to  day  operations  for  Experiment  II  during  ownership; 

MTT  did  not  own  the  Site. 


(   I 


14 


ii.  Description  of  Respondent's  Activities  for  Experiment  II; 

Pursuant  to  its  contract  with  the  United  States  Air  Force,  between  February  14,  1977  and 
March  25,  1977,  MTT  -  Lincoln  Laboratory  used  infrared  detection  equipment  to  record  the 
infrared  signatures  of  in-flight  projectiles.  The  maximum  number  of  projectiles  fired  by  United 
States  Army  Special  Forces  troops  was  245  mortar  and  artillery  rounds.  A  description  of  these 
activities  is  contained  in  the  Test  Plan  dated  February  10,  1977,  attached  as  Exhibit  D;  Report 
TT-26  dated  September  13,  1977,  attached  as  Exhibit  E;  and  ARPA/TTO  Semiannual  Report 
dated  July  31,  1977,  p.  29,  attached  as  Exhibit  F. 

iii.        Generation,  placement  and  storage  of  waste  for  Experiment  II; 

MTT  believes  that  all  of  the  mortar  and  artillery  rounds  were  expended  upon  firing, 
except  for  the  metal  projectiles  and  shell  casings.  MIT  believes  that  the  metal  shell  casings  were 
collected  by  the  Special  Forces  team  or  Massachusetts  Army  National  Guard  personnel. 

iv.         Contractors,  tenant  and  others  on  the  Site  for  Experiment  II; 

As  discussed  above,  Special  Forces  troops  fired  the  mortars  and  artillery  rounds  used  in 
the  experiment.  The  Massachusetts  Army  National  Guard  monitored  range  safety  and 
maintained  security  of  the  weapons,  ammunition  and  other  military  equipment  on  the 
Massachusetts  Military  Reservation. 
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v.  Activities  of  Contractors  on  the  Site  for  Experiment  II; 

10    Special  Forces  personnel  fired  the  rounds.  These  rounds  were  all  high  explosive 
("HE")  rounds.  50  of  the  rounds  were  4.2"  mortars.  150  of  the  rounds  were  105  mm  artillery 
rounds.  An  estimated  45  rounds  or  less  of  155  mm  artillery  rounds  were  also  fired. 

vi.         Collection  of  monies  for  Experiment  tt, 

MIT  did  not  pay  any  money  for  the  use  of  the  Site  to  conduct  this  experiment, 
vii.        Construction  and/or  demolition  of  structures  for  Experiment  II; 

MIT  neither  constructed  not  demolished  any  structures  during  Experiment  II. 
viii.  Other  significant  operations  or  activities  at  the  Site  for  Experiment  II; 

None. 

*** 

Experiment  III:  Hostile  Weapons  Location  Program 
Infrared  Mortar  Locator  Project 

i.  Narrative  of  day  to  day  operations  for  Experiment  III  during  ownership; 

MIT  did  not  own  the  Site. 


> 
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ii .  Description  of  Respondent 's  Activities  for  Experiment  HI; 

Pursuant  to  its  contract  with  the  United  States  Air  Force,  between  September  12,  1977 
and  October  14,  1977,  MIT  -  Lincoln  Laboratory  used  infrared  equipment  to  record  the  infrared 
signatures  of  in-flight  projectiles.  The  projectiles  were  1 10  inert  artillery  rounds  fired  by  a  crew 
from  Hesse -Eastern  Division  of  Norris  Industries  ("Hesse-Eastern").  A  description  of  these 
activities  is  contained  in  the  Test  Plan  dated  August  5,  1978,  attached  as  Exhibit  G;  Report  TT- 
32  dated  December  6,  1978,  attached  as  Exhibit  H;  ARPA/TTO  Semiannual  Report  dated 
January  31,  1978,  p.  21,  attached  as  Exhibit  I;  and  Dr.  W.  Keicher  Paper,  p.  3,  attached  as 
Exhibit  J. 

iii.         Generation,  placement  and  storage  of  waste  for  Experiment  HI; 

Hesse-Eastern  personnel  were  responsible  for  all  handling,  firing,  and  disposal  of 
ammunition.  The  Massachusetts  Army  National  Guard  assisted  in  range  safety.  MIT  believes 
that  all  the  inert  artillery  rounds  were  expended  upon  firing,  except  for  the  metal  projectiles  and 
shell  casings.  MIT  believes  that  the  metal  shell  casings  were  collected  by  Massachusetts  Army 
National  Guard  or  Hesse-Eastern  personnel. 

iv.         Contractors,  tenant  and  others  on  the  Site  for  Experiment  III; 

Hesse-Eastem  crews  fired  the  subject  rounds. 

v.  Activities  of  Contractors  on  the  Site  for  Experiment  HI; 

Hesse-Eastem  crews  fired  the  rounds.  A  total  of  1 10  inert  105-  and  155  mm  inert  artillery 
shells  were  fired. 
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vi.         Collection  of  monies  for  Experiment  III; 

MIT  did  not  pay  any  money  for  the  use  of  the  Site  to  conduct  this  experiment. 

vii.        Construction  and/or  demolition  of  structures  for  Experiment  III; 

MTT  built  a  wooden  wall  for  this  experiment.  MIT  painted  the  wall  with  a  standard 
exterior  paint.  MIT  neither  constructed  nor  demolished  any  additional  structures  during 
Experiment  m. 

viii.  Other  significant  operations  or  activities  at  the  Site  for  Experiment  HI; 

None. 

*** 

Experiment  IV:  Hostile  Weapons  Location  Program 
Two  Color  Infrared  Seeker  Project 

i.  Narrative  of  day  to  day  operations  for  Experiment  IV  during  ownership; 

MTT  did  not  own  the  Site. 

ii.  Description  of  Respondent's  Activities  for  Experiment  IV; 

Pursuant  to  its  contract  with  the  United  States  Air  Force,  between  January  16,  1978  and 
February  17,  1978,  MTT  -  Lincoln  Laboratory  used  infrared  imaging  equipment  to  record  the 
heating  rates  of  artillery  pieces  and  tank  guns  as  they  fired  inert  rounds.  Infrared  signatures  of 
various  vehicles  were  also  recorded  as  the  vehicles  were  driven  around  parts  of  the  Site.  A 
description  of  these  activities  is  contained  in  the  Test  Plan,  attached  as  Exhibit  K;  Report  TT-37 
dated  June  25,  1979,  attached  as  Exhibit  L;  ARPA/TTO  Semiannual  Report  dated  July  31,  1978, 
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p.  25,  attached  as  Exhibit  M;  and  ARPA/TTO  Semiannual  Report  dated  January  31,  1979,  p.  30, 
attached  as  Exhibit  N. 

iii.         Generation,  placement  and  storage  of  waste  for  Experiment  IV; 

Hesse-Eastern  personnel  were  responsible  for  all  handling,  firing,  and  disposal  of  artillery 
and  tank  ammunition.  The  Massachusetts  Army  National  Guard  was  responsible  for  all 
operations  of  the  military  vehicles  and  for  assisting  in  range  safety.  MIT  believes  that  all  the 
inert  artillery  and  tank  rounds  were  expended  upon  firing,  except  for  the  metal  projectiles  and 
shell  casings.  MIT  believes  that  the  metal  shell  casings  were  collected  by  Massachusetts  Army 
National  Guard  or  Hesse-Eastern  personnel. 

iv.         Contractors,  tenant  and  others  on  the  Site  for  Experiment  IV; 

Hesse-Eastern  crews  fired  the  subject  rounds.  Personnel  from  Martin  Marietta  also 
operated  a  helicopter  and  collected  airborne  studies  of  infrared  signatures. 

v.  Activities  of  Contractors  on  the  Site  for  Experiment  TV; 

Massachusetts  Army  National  Guard  members  were  responsible  for  driving  all  military 
vehicles.  Hesse-Eastern  crews  fired  all  rounds,  both  artillery  and  tank  munitions.  A  total  of  20 
rounds  of  inert  105-  and  155-mm  artillery  rounds,  and  no  more  than  five  rounds  of  105  mm  inert 
TP-T  tank  rounds,  were  fired. 

vi.         Collection  of  monies  for  Experiment  TV; 

MIT  did  not  pay  any  money  for  the  use  of  the  Site  to  conduct  this  experiment. 
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vii.        Construction  and/or  demolition  of  structures  for  Experiment  TV; 

MIT  neither  constructed  not  demolished  any  structures  during  Experiment  IV. 
viii.  Other  significant  operations  or  activities  at  the  Site  for  Experiment  TV; 

None. 

*** 

Experiment  V:  NATO  Identification  System  - 
Battlefield  Identity  Friend  or  Foe  Experiments 

i.  Narrative  of  day  to  day  operations  for  Experiment  V  during  ownership; 

MTT  did  not  own  the  Site. 

ii.  Description  of  Respondent 's  Activities  for  Experiment  V; 

Pursuant  to  its  contract  with  the  United  States  Air  Force,  between  March  28,  1979  and 
April  5,  1979,  MTT  -  Lincoln  Laboratory  sent  communications  from  transmitters  to  receivers 
through  typical  battlefield  obscurants  such  as  smoke  pots,  smoke  grenades  and  dust  clouds  to 
monitor  their  effect  on  the  transmission  of  the  communications.  MTT  also  recorded  the  infrared 
signatures  of  a  tank  while  simultaneously  employing  these  screening  devices.  A  description  of 
these  activities  is  contained  in  the  IFF  Program  Review  dated  June  20,  1979,  attached  as 
Exhibit  O;  and  ARPA/TTO  Semiannual  Report  dated  July  31,  1979,  p.  31,  attached  as  Exhibit  P. 

iii.         Generation,  placement  and  storage  of  waste  for  Experiment  V; 

MTT  believes  that  all  of  the  spent  smoke  pots  and  smoke  grenades  were  disposed  of  by 
Massachusetts  Army  National  Guard  or  Hesse-Eastern  personnel. 
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iv.         Contractors,  tenant  and  others  on  the  Site  for  Experiment  V; 

Either  Hesse-Eastem  or  the  Massachusetts  Army  National  Guard  personnel  operated  the 
military  vehicle  and  activated  the  obscurants  used  in  this  experiment. 

v.  Activities  of  Contractors  on  the  Site  for  Experiment  V\ 

Either  Hesse-Eastern  or  the  Massachusetts  Army  National  Guard  personnel  operated  the 
military  vehicle  and  activated  the  obscurants.  The  screening  devices  comprised  13  white 
phosphorous  grenades,  4  hexachloroethane  smoke  pots,  and  mechanical  agitation  of  native  soil. 

vi.         Collection  of  monies  for  Experiment  V; 

MTT  did  not  pay  any  money  for  the  use  of  the  Site  to  conduct  this  experiment, 
vii.        Construction  and/or  demolition  of  structures  for  Experiment  V; 

MTT  neither  constructed  not  demolished  any  structures  during  Experiment  V. 
viii.  Other  significant  operations  or  activities  at  the  Site  for  Experiment  V; 

None. 

*** 

Experiment  VI:  NATO  Identification  System  - 
Battlefield  Identity  Friend  or  Foe  Experiments 

i.  Narrative  of  day  to  day  operations  for  Experiment  VI  during  ownership; 

MTT  did  not  own  the  Site. 
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ii.  Description  of  Respondent's  Activities  for  Experiment  VI; 

Pursuant  to  its  contract  with  the  United  States  Air  Force,  during  the  Summer  of  1980, 
MIT  -  Lincoln  Laboratory  sent  communications  from  transmitters  to  receivers  through  typical 
battlefield  obscurants  such  as  smoke  pots,  smoke  grenades  and  dust  clouds  to  monitor  the  effect 
of  the  obscurants  on  the  transmission  of  the  communications.  A  description  of  these  activities  is 
contained  in  the  Summary  of  MIT  LL  IFF  Program  dated  1980,  attached  as  Exhibit  Q;  R.J. 
Keyes  Paper  dated  1981,  attached  as  Exhibit  R;  R.J.  Sasiela  Paper  dated  1981,  attached  as 
Exhibit  S;  R.J.  Sasiela  Paper,  attached  as  Exhibit  T;  and  IFF- 13,  attached  as  Exhibit  U. 

iii.         Generation,  placement  and  storage  of  waste  for  Experiment  VI; 

MTT  believes  that  all  of  the  spent  smoke  pots  and  smoke  grenades  were  disposed  of  by 
Massachusetts  Army  National  Guard  or  Hesse-Eastern  personnel. 

iv.         Contractors,  tenant  and  others  on  the  Site  for  Experiment  VI; 

Either  Hesse-Eastern  or  the  Massachusetts  Army  National  Guard  activated  the  obscurants 
used  in  this  experiment. 

v.  Activities  of  Contractors  on  the  Site  for  Experiment  VI; 

The  screening  devices  comprised  12  white  phosphorous  grenades,  6  hexachloroethane 
smoke  pots,  mechanical  agitation  of  native  soil,  and  two  separate  subsurface  detonations,  each  of 
5  105  mm  HE  rounds.  Either  Hesse-Eastern  or  the  Massachusetts  Army  National  Guard 
personnel  activated  the  obscurants,  and  MTT  believes  that  Hesse-Eastem  personnel  detonated  the 


22 


artillery  rounds.  The  rounds  were  detonated  using  small  explosive  charges,  in  two  groups  of 
five.  Each  group  was  buried  underneath  approximately  two  feet  of  soil. 

vi.         Collection  of  monies  for  Experiment  VI; 

MTT  did  not  pay  any  money  for  the  use  of  the  Site  to  conduct  this  experiment. 
vii.        Construction  and/or  demolition  of  structures  for  Experiment  VI; 

MTT  neither  constructed  not  demolished  any  structures  during  Experiment  VI. 
viii.  Other  significant  operations  or  activities  at  the  Site  for  Experiment  VI. 

None. 

Information  Request  1(e): 

For  each  person,  including  but  not  limited  to  Respondent's  employees,  responsible  for 
carrying  out  any  activities  at  the  Site  during  the  period  under  investigation: 

i.  identify  (see  Definitions)  each  such  employee  or  other  person; 

ii.  identify  (see  Definitions)  his  or  her  employer; 

iii.  identify  (see  Definitions)  his  or  her  supervisor; 

iv.  specify  the  dates  of  his  or  her  activities  at  the  Site; 

v.  specify  his  or  her  job  title; 

vi.  describe  his  or  her  duties;  and 

vii.  describe  his  or  her  activities  at  the  Site. 

Response  to  Information  Request  1(e): 

The  following  people  are  believed  to  have  been  directly  involved  in  the  conduct  of  some 
or  all  of  Experiments  I- VI  at  the  Site. 
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Dr.  William  Keicher 

MTT  -  Lincoln  Laboratory 

Experiments  I- VI 

Test  Director 

Supervise  and  coordinate  experiments,  record 

and  analyze  data 

William  Green 
MIT  -  Lincoln  Laboratory 
Experiment  I- VI 
Mechanical  Technician 
Setup  and  test  equipment 


Elton  Merrill 

MIT  -  Lincoln  Laboratory 

Experiments  I-IV 

Assistant  Test  Director 

Supervise  and  coordinate  operations  at  Site 


Louis  Hirshberg 

MTT  -  Lincoln  Laboratory 

Experiment  I- VI 

Electronic  Technician 

Aid  in  setup  and  troubleshooting  of  equipment, 

measurements 


(* 


COL  Herbert  Federhen 

Defense  Advanced  Research  Projects  Agency 

Experiments  I-IV 

Program  Manager 

CPT  Peter  Mixon 

Mass.  Army  National  Guard 

Experiments  I-IV 


David  Longinotti 
US  Army  ERADCOM 
Experiments  V,  VI 
Group  Leader 

MAJ  Kennedy 

10th  Special  Forces,  Team  A 

Experiment  II 

Command 


LTC  Richard  Calvani,  USAR  (Ret.) 
Mass.  Army  National  Guard 
Experiments  I-IV 
Range  Safety  Officer 

MTT  -  Lincoln  Laboratory 

Experiments  V-VI 

Electro  Mechanical  Technician 

Setup  and  troubleshooting  of  equipment 

measurements 

Group  Coordinator  for  military  support  to 

MTT  -  Lincoln  Laboratory 


COL  Creamer 

Mass.  Army  National  Guard 

Experiments  I-IV 


Generally 

10th  Special  Forces,  A  Team 

Experiments  I-IV 

Alan  Silver 

Phillips  Audio  Video  Systems  Corporation 

unknown  duration 

Engineering  Specialist 

Setup  of  equipment 


Generally 

Mass.  Army  National  Guard 

Experiments  I- VI 

Ted  Guasconi 

Phillips  Audio  Video  Systems  Corporation 

unknown  duration 

Design  Electrical  Engineer 

Debug  and  maintain  systems 
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Richard  Currran 

Phillips  Audio  Video  Systems  Corporation 

unknown  duration 

Computer  Engineer 

Debug  software 

Jules  Forte 

Phillips  Audio  Video  Systems  Corporation 

unknown  duration 

Electrical  Engineer 

Debug  and  maintain  analog  electronics 

Darryl  Davis 
Martin  Marietta 
Experiment  IV 
Infrared  sensor  operation 

Robert  Woodburn 

Hesse-Eastern  Division  of  Norris  Industries 

Experiments  HI- VI 


David  Felt 

Phillips  Audio  Video  Systems  Corporation 

unknown  duration 

Senior  Mechanical  Engineer 

Obtain  boresight  for  systems 

George  Batchelor 

Phillips  Audio  Video  Systems  Corporation 

unknown  duration 

Electrical  Engineer 

Debug  and  maintain  system 

Chuck  Brainard 
Martin  Marietta 
Experiment  IV 
Helicopter  Pilot 


Information  Request  1(f): 

For  each  person,  including  but  not  limited  to  Respondent's  employees,  currently 
responsive  for  carrying  out  any  activities  at  the  Site: 


1. 

ii. 

iii. 

iv. 


identify  (see  Definitions)  each  such  employee  or  other  person; 

identify  (see  Definitions)  his  or  her  employer; 

identify  (see  Definitions)  his  or  her  supervisor;  specify  the  dates  of  his  or  her 
activities  at  the  Site; 


specify  his  or  her  job  title; 
v.  describe  his  or  her  duties;  and 

vi.        describe  his  or  her  activities  at  the  Site. 
Response  to  Information  Request  1(f): 

None.  MTT  is  not  currently  carrying  out  any  activities  at  the  Site. 
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Information  Request  1(g): 

Provide  all  information  you  have,  or  you  have  reason  to  believe  exists,  which  indicates 
that  disposal,  treatment,  storage  or  recycling  of  wastes  occurred  at  the  Site  during  Respondent's 
operation  of  it. 

Response  to  Information  Request  1(g): 

Without  waiving  any  of  its  objections,  apart  from  the  documentation  incorporated  into 
Response  to  Information  Request  1(d),  MIT  has  no  information  responsive  to  this  request. 

Information  Request  1(h): 

Provide  all  information  you  have,  or  you  have  reason  to  believe  exists,  that  during 
Respondent's  operation  of  the  Site: 

i.  the  wastes  disposed,  treated,  stored,  placed  or  recycled  at  the  Site  included 

hazardous  substances;  and; 

ii.         hazardous  substances  were  released  at  the  Site. 

Response  to  Information  Request  1(h): 

Without  waiving  any  of  its  objections,  apart  from  the  documentation  incorporated  into 
Response  to  Information  Request  1(d),  MIT  has  no  information  responsive  to  this  request. 

2.  Leases/Licenses  of  Site  Property 
Information  Request  2(a): 

Identify  (see  Definitions)  all  leases(s),  sublease(s),  and  license(s)  for  such  property. 
Response  to  Information  Request  2(a): 

None.  To  its  knowledge,  MIT  did  not  lease  or  license  the  Site  or  any  portion  of  the  Site. 

Information  Request  2(b): 

Identify  (see  Definitions)  each  lessee,  sublessee,  tenant,  or  licensee  of  such  Property. 
Response  to  Information  Request  2(b): 

See  Response  to  Information  Request  2(a). 
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Information  Request  2(c): 

List  the  beginning  and  ending  dates  of  each  such  arrangement. 
Response  to  Information  Request  2(c): 

See  Response  to  Information  Request  2(a). 

Information  Request  2(d): 

Describe  the  specific  real  estate  and/or  buildings  to  which  each  such  arrangement  related. 
Response  to  Information  Request  2(d): 

See  Response  to  Information  Request  2(a). 

Information  Request  2(e): 

Provide  copies  of  all  documents  related  to  each  lease,  sublease,  license  or  similar 
property  interest  of  property  within  the  Site  boundaries,  including  but  not  limited  to  all 
documents  reflecting  the  purpose  or  terms  of  each  such  lease,  sublease,  or  similar  property 
interest. 

Response  to  Information  Request  2(e): 

See  Response  to  Information  Request  2(a). 

Information  Request  2(f): 

Describe  all  activities  undertaken  at  the  Site  by  each  lessee/tenant/licensee  including  but 
not  limited  to: 

i.  a  brief  narrative  of  the  day  to  day  operation  of  the  Site  for  every  three  year  period 

of  ownership; 

ii.         a  description  of  the  Respondent's  activities  at  the  Site  by  date; 

iii.        a  description  of  the  generation,  storage,  placement,  disposal  or  treatment  of 
wastes  at  the  Site  by  date; 

iv.        the  identification  of  (see  Definitions)  contractors,  tenants,  or  others  who  carried 
out  operations  at  the  Site; 

v.         a  description  of  the  activities  each  contractor  or  other  took  at  the  Site  by  date; 
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VI. 


Vll. 


Vlll. 


a  description  of  the  collection  of  monies  or  other  compensation  for  use  of  the  Site 
by  others; 

a  description  of  the  construction  and/or  demolition  of  any  surface  or  subsurface 
structures  at  the  Site  (including  but  not  limited  to  the  dates  such  activities  took 
place);  and 


a  description  of  any  other  significant  operations  or  activities  at  the  Site. 
Response  to  Information  Request  2(f): 

See  Response  to  Information  Request  2(a). 


3.  Respondent's  operations: 

Information  Request  3(a): 

Provide  a  brief  description  of  the  nature  of  Respondent's  operations  at  the  Site,  including: 

i.  the  dates  such  operations  commenced  or  concluded;  and 

ii.  the  types  of  work  performed,  including  but  not  limited  to  the  industrial,  chemical, 

or  institutional  processes  undertaken. 

Response  to  Information  Request  3(a): 

Without  waiving  any  of  its  objections,  MIT  responds  see  Response  to  Information 

Request  1(d). 


( 


Information  Request  3(b): 

If  the  nature  or  size  of  Respondent's  operations  changed  over  time,  describe  those 
changes  and  the  dates  they  occurred. 

Response  to  Information  Request  3(b): 

Without  waiving  any  of  its  objections,  MTT  responds  see  Response  to  Information 

Request  3(a). 
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Information  Request  3(c): 

List  the  products  the  Respondent  manufactured,  recycled,  recovered,  treated  or  otherwise 
processed  or  used  in  these  operations  at  the  Site  and  how  they  changed  over  time. 

Response  to  Information  Request  3(c): 

Without  waiving  any  of  its  objections,  MIT  responds  see  Response  to  Information 
Request  3(a). 

Information  Request  3(d): 

In  general  terms,  list  the  types  of  raw  materials  used  in  Respondent's  operations. 
Response  to  Information  Request  3(d): 

Without  waiving  any  of  its  objections,  MIT  responds  see  Response  to  Information 
Request  3(a). 

Information  Request  3(e): 

Provide  a  schematic  diagram  or  flow  chart  that  fully  describes  and/or  illustrates  the 
Respondent's  operations  at  the  Site  and  how  they  changed  over  time. 

Response  to  Information  Request  3(e): 

Without  waiving  any  of  its  objections,  MIT  responds  see  Response  to  Information 

Request  3(a). 

Information  Request  3(f): 

Describe  the  physical  layout  and  characteristics  of  Respondent's  facility  for  each  two 
year  period  during  the  period  being  investigated,  including  but  not  limited  to: 

i.  surface  structures  (e.g.,  buildings,  gates,  fences,  tanks,  lagoons,  settling  ponds, 

etc.); 

ii.         subsurface  structures  (e.g.,  underground  tanks,  storm  water  systems,  sanitary 
sewer  systems,  leach  fields,  septic  systems,  etc.);  and 

iii.        ground  water  wells. 
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Response  to  Information  Request  3(f): 

Without  waiving  any  of  its  objections,  MIT  states  that  it  did  not  have  a  "facility"  at  the 
Site.  MTT  further  states  see  Response  to  Information  Request  3(a). 

Information  Request  3(g): 

Provide  a  map  depicting  each  of  these  characteristics  and  its  location  on  the  Site. 
Response  to  Information  Request  3(g): 

See  Response  to  Information  Request  3(f)- 

Information  Request  3(h): 

Describe  how  the  facility  characteristics  referred  to  in  the  preceding  question  changed 
over  time  (e.g.  when  they  were  built,  installed,  altered  damaged,  demolished,  etc.)  and  the  dates 
of  each  change. 

Response  to  Information  Request  3(h): 

See  Response  to  Information  Request  3(f)- 

Information  Request  3(i): 

Describe  the  use  of  each  feature  or  characteristic  and  the  dates  of  such  use. 
Response  to  Information  Request  3(i): 

See  Response  to  Information  Request  3(f). 

Information  Request  3(j): 

Identify  (see  Definitions)  or  provide  copies  of  all  documents  (see  Definitions)  including 
historic  photographs  and  maps,  which  describe  or  depict  the  physical  characteristics  of  the  Site 
or  Respondent's  facility.  Identify  (see  Definitions)  who  else  may  have  such  documents  or 
photographs. 

Response  to  Information  Request  3(j): 

Without  waiving  any  of  its  objections,  MTT  responds  see  Responses  to  Information 

Requests  3(a)  and  3(f). 
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4.  Respondent's  Materials  and  Material  Streams 

Information  Request  4(a): 

For  each  type  of  material  (including  by-products)  generated  by  Respondent's  operations, 
including  but  not  limited  to  all  liquids,  sludges,  and  solids,  provide  the  following  information: 

i.  its  physical  state; 

its  nature  and  chemical  composition; 

its  color; 


n. 
iii. 

iv. 

v. 
vi. 


the  approximate  annual  volumes  of  each  type  of  material  (using  such 
measurements  as  gallons,  cubic  yards,  pounds,  etc.); 

whether  the  material  was  hazardous,  toxic,  flammable,  reactive,  corrosive,  or  was 
otherwise  a  hazardous  substance;  and 

the  dates  (beginning  and  ending)  during  which  each  type  of  material  was 
produced  by  Respondent's  operations. 

Response  to  Information  Request  4(a): 

Without  waiving  any  of  its  objections,  MIT  responds  that  all  material  used  on  the  Site  by 
MIT  was  ordnance  it  obtained  from  DOD  or  Hesse-Eastem,  and  as  discussed  in  Response  to 
Information  Request  1(d),  MIT  believes  that  all  ordnance  was  consumed  upon  firing,  except  that 
it  believes  that  metal  shell  casings  were  disposed  of  by  Massachusetts  National  Guard  or  Hesse- 
Eastern  personnel.  Without  waiving  any  of  its  objections,  MIT  provides  the  following  summary 
of  the  types  and  quantities  of  ordnance,  and  dates  and  locations  that  these  government-sponsored 
experiments  were  conducted. 


Material 

Date  of 
Experiment 

Quantity 

Range  of  Fire  and  Impact  Area 

M29  81mmHE 
mortar 

Jan.  27,  1976- 
March  12,  1976 

86 

Ranges  A  (69402070),  C  (69301914) 
and  K  (74661784),  and  landing  zone 

M30  4.2"  HE 
mortar 

Jan.  27,  1976- 
March  12,  1976 

125 

Ranges  A  (69402070),  C  (69301914) 
and  K  (74661784),  and  landing  zone 

M30  4.2"  HE 
mortar 

Feb.  14,  1977- 
March  25,  1977 

50 

Range  D  (69701862)  and  gun  positions 
GP  8  (70321620)  and  GP  24 
(68981810),  and  landing  zone 
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Material 

Date  of 
Experiment 

Quantity 

Range  of  Fire  and  Impact  Area 

Ml  105  mm  HE 
artillery 

Feb.  14, 1977  - 
March  25,  1977 

150 

Range  D  (69701862)  and  gun  positions 
GP  8  (70321620)  and  GP  24 
(68981810),  and  landing  zone 

M107  155  mm 
HE  artillery 

Feb.  14, 1977  - 
March  25,  1977 

No  more 
than  45 

Range  D  (69701862)  and  gun  positions 
GP  8  (70321620)  and  GP  24 
(68981810),  and  landing  zone 

Ml  105  mm  Inert 
artillery 

Sept.  12,  1977  - 
Oct.  14,  1977 

Total  of 

110 
combined 
with  below 

Range  J- 1  (74001700) 

M107  155  mm 
Inert  Artillery 

Sept.  12,  1977  - 
Oct.  14,  1977 

Total  of 

110 
combined 
with  above 

Range  J- 1  (74001700) 

Ml  105  mm  Inert 
artillery 

Jan.  16,  1978- 
Feb.  17,  1978 

Total  of  20 
combined 
with  below 

Range  J- 1  (74001700) 

M107  155  mm 
Inert  artillery 

Jan.  16,  1978- 
Feb.  17,  1978 

Total  of  20 
combined 
with  above 

Range  J- 1  (74001700) 

M456E1  105  mm 
Inert  TP-T  tank 
rounds 

Jan.  16,  1978  - 
Feb.  17,  1978 

Approx.  5 

Range  J- 1  (74001700) 

White 

phosphorous 

grenades 

March  28,  1979  - 
April  5,  1979 

13 

Unknown 

Hexa- 

chloroethane 
smoke  pots 

March  28,  1979- 
April  5,  1979 

4 

Unknown 

White 

phosphorous 

grenades 

Summer  1980 

Est.  12 

Range  J-2  (74001700) 

Hexa- 

chloroethane 
smoke  pots 

Summer  1980 

6 

Range  J-2  (74001700) 

Ml  105  mm  HE 

artillery 

Summer  1980 

10 

Range  J-2  (74001700) 
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Information  Request  4(b): 

Provide  a  schematic  diagram  or  flow  chart  which  indicates  which  part  of  Respondent's 
operations  generated  each  type  of  material. 

Response  to  Information  Request  4(b): 

Without  waiving  any  of  its  objections,  MIT  responds  see  Response  to  Information 
Request  f(d). 

Information  Request  4(c): 

Describe  how  each  type  of  waste  or  material  was  collected  and  stored  at  Respondent's 
operation  prior  to  disposal/recycling/sale/transport,  including: 

i.  they  [sic]  type  of  container  in  which  each  type  of  waste  or  material  was 

placed/stored;  and 

ii.         where  each  type  of  material/waste  was  collected/stored. 

Response  to  Information  Request  4(c): 

Without  waiving  any  of  its  objections,  MTT  responds  see  Response  to  Information 
Request  1(d). 

Information  Request  4(d): 

Provide  copies  of  documents  which  were  created  or  kept  concerning  Respondent's 
materials  and  waste  or  waste  stream. 

Response  to  Information  Request  4(d): 

All  documents  responsive  to  this  request  are  attached  as  exhibits  to  Response  to 
Information  Request  1(d). 

Information  Request  4(e): 

Identify  (see  Definitions)  the  person(s)  responsible  for  collecting  and  managing  each 
material  and/or  waste. 
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Response  to  Information  Request  4(e): 

For  experiments  I  and  II,  all  firings  and  munitions  control  were  handled  by  the 
Massachusetts  Army  National  Guard  and  the  10th  Special  Forces.  For  Experiments  DI  and  IV, 
all  firings  and  munitions  control  were  handled  by  Hesse-Eastern.  For  Experiments  V  and  VI, 
MTT  believes  that  spent  obscurants  were  disposed  of  by  Hesse-Eastern  or  Massachusetts  Army 
National  Guard  personnel. 

5.  Respondent's  Disposal/Treatment/Storage/Recvcling/Disposal  of  Materials: 

Information  Request  5(a): 

Identify  (see  Definitions)  all  individuals  who,  during  the  period  of  the 
lease/sublease/license,  had  responsibility  for  the  disposal,  treatment,  storage,  recycling  or  sale  of 
Respondent's  waste. 

Response  to  Information  Request  5(a): 

See  Response  to  Information  Request  1(e). 

Information  Request  5(b): 

Identify  (see  Definitions)  all  individuals  who  currently  have,  and  those  who  had, 
knowledge  of  the  disposal/treatment/storage/recycling/sale  of  Respondent's  wastes. 

Response  to  Information  Request  5(b): 

See  Response  to  Information  Request  1(e). 


Information  Request  5(c): 

Identify  (see  Definitions)  all  individuals  who  currently  have,  and  those  who  had, 
responsibility  for  Respondent's  environmental  matters. 
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Response  to  Information  Request  5(c): 

Without  waiving  any  of  its  objections,  MIT  states  that:  (i)  the  MIT  employee  with  current 
responsibility  for  MIT's  environmental  matters  is  William  Van  Schalkwyk,  Director  of  MIT's 
Environmental  Management  Office;  and  (ii)  to  the  best  of  MIT's  current  knowledge,  the  MIT 
employee  with  general  responsibility  for  environmental  matters  in  the  period  between  1976  and 
1980  was  William  Dickson,  Senior  Vice  President,  MIT. 

Information  Request  5(d): 

For  the  previous  three  responses,  also  provide  each  individual's: 

i.  job  title; 

ii.         duties; 

iii.        dates  performing  those  duties; 

iv.         supervisors  for  those  duties 

v.  current  position  or,  if  such  individual  is  no  longer  employed  by  Respondent,  the 

date  of  the  individual's  resignation  or  retirement;  and 

vi.         the  nature  of  the  information  possessed  by  such  individuals  concerning 
Respondent's  waste  management. 

Response  to  Information  Request  5(d): 

For  Responses  to  Information  Requests  5(a)  and  5(b),  see  Response  to  Information 

Request  1(e). 

For  Response  to  Information  Request  5(c): 

(i)        William  Van  Schalkwyk 
Director 

Environmental  Management  Office 
77  Massachusetts  Avenue 
Building  4,  Room  1 10 
Cambridge,  MA  02139 
617-253-9492 
617-452-3110  (FAX) 
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(ii)        Management  of  environmental  compliance  issues 

(iii)       1997  to  preseat 

(iv)       Jamie  Lewis  Keith,  Esquire 

(y)        Director,  Environmental  Management  Office 

(vi)       General  knowledge  concerning  MIT's  current  waste  management  practices. 

Mr.  Van  Schalkwyk  has  no  knowledge  of  the  experiments  conducted  at  the  Site. 

On  Site  Disposal/Treatment/Storage 

Information  Request  5(e): 

Describe  in  detail  how,  where,  and  when  each  type  of  materials  used  or  generated  by 
Respondent's  operation  was  disposed/treated/stored  at  the  Site. 

Response  to  Information  Request  5(e): 

Without  waiving  any  of  its  objections,  MIT  responds  see  Response  to  Information 

Request  1(d). 

Information  Request  5(f): 

If  different  types  of  materials  and/or  waste  were  disposed/treated/stored  in  specific  areas: 

i.  describe  where  specific  types  of  materials  and/or  wastes  were 

disposed/treated/stored  at  the  Site; 

ii.         indicate  where  those  materials  and/or  wastes  were  disposed/treated/stored  there; 
and 

iii.        provide  a  sketch  where  each  type  of  material  and/or  waste  was 
disposed/treated/stored. 

Response  to  Information  Request  5(f): 

See  Response  to  Information  Requests  4(c)  and  4(e). 

Information  Request  5(g): 

Describe  in  detail  each  and  every  material  and/or  waste  disposed  by  Respondent  on  and 
about  Respondent's  Site  operations  (including  without  limitation  wastes  disposed  of  in  on-Site 
lagoons,  settling  ponds,  leach  fields,  or  landfills)  including  but  not  limited  to: 

i.  the  nature  and  chemical  composition  of  each  type  of  material  and/or  waste  so 

disposed; 
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ii.         the  dates  on  which  those  materials  and/or  wastes  were  disposed; 

iii.        the  approximate  quantity  of  each  type  of  material  or  waste  so  disposed  by  month 
and  year; 

iv.        the  location(s)  in  Respondent's  facility  of  the  areas  on  which  each  type  of 
material  and/or  waste  was  disposed;  and 

v.         whether  and  what  pretreatment  was  provided. 

Response  to  Information  Request  5(g): 

Without  waiving  any  of  its  objections,  MIT  responds  that  all  material  used  on  the  Site  by 
MIT  was  ordnance  supplied  by  DOD  or  Hesse-Eastern.  MIT  further  responds,  see  Responses  to 
Information  Requests  1(d)  and  4(a). 

Information  Request  5(h): 

Describe  in  detail  each  and  every  material  and/or  waste  disposed  by  Respondent  into 
Respondent's  drains  including  but  not  limited  to: 

i.  the  nature  and  chemical  composition  of  each  type  of  material  and/or  waste  so 

disposed; 

ii.         the  dates  on  which  those  materials  and/or  wastes  were  disposed; 

iii.        the  approximate  quantity  of  each  type  of  material  or  waste  so  disposed  by  month 
and  year; 

iv.        the  location(s)  in  Respondent's  facility  of  the  areas  on  which  each  type  of 
material  and/or  waste  was  disposed; 

v.         the  location  to  which  these  materials  and/or  wastes  drained  (e.g.,  on  Site  septic 
system;  on  Site  storage  tank;  pre-treatment  plant;  publicly  owned  treatment 
works;  etc.)[;]  and 

vi.        whether  and  what  pretreatment  was  provided. 
Response  to  Information  Request  5(h): 

MIT  objects  to  the  scope  of  this  request  as  being  overbroad.  Without  waiving  any  of  its 
objections,  MIT  responds  that  with  regard  to  the  Site,  none. 
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Information  Request  5(i): 

Identify  any  sewage  authority  or  treatment  works  to  which  Respondent's  waste  was  sent. 
Response  to  Information  Request  5(i): 

MTT  objects  to  the  scope  of  this  request  as  .being  overbroad.  Without  waiving  any  of  its 
objections,  MIT  responds  that  with  regard  to  the  Site,  none. 

Information  Request  5(j): 

For  all  settling  tank,  septic  system,  or  pretreatment  system  sludges  or  other  treatment 
wastes  resulting  from  Respondent's  operations,  respond  to  all  previous  questions  of  this 
Information  Request  with  reference  to  such  wastes. 

Response  to  Information  Request  5(j): 

MTT  objects  to  the  scope  of  this  request  as  being  overbroad.  Without  waiving  any  of  its 

objections,  MIT  responds  that  with  regard  to  the  Site,  none. 

Information  Request  5(k): 

For  Respondent's  waste  storage  and  treatment  areas,  describe  each  and  every  release  of 
materials  into  the  environment  from  these  areas,  including  but  not  limited  to: 

i.  the  type  and  nature  of  each  material  released; 

ii.         the  amount  of  each  material  released;  and 

iii.        the  dates  of  each  such  release. 
Response  to  Information  Request  5(k): 

MTT  objects  to  the  scope  of  this  request  as  being  overbroad.  Without  waiving  any  of  its 
objections,  MTT  responds  that  with  regard  to  the  Site,  none. 

Information  Request  5(1): 

Provide  all  documents  which  indicate  that  the  chemical  compositions  of  the  wastes 
generated/disposed/treated/stored  at  Respondent's  facility  were  hazardous,  toxic,  flammable, 
reactive,  corrosive,  or  were  otherwise  hazardous  substances. 
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Response  to  Information  Request  5(1): 

MIT  objects  to  the  scope  of  this  request  as  being  overbroad.  Without  waiving  any  of  its 
objections,  MTT  states  that  with  regard  to  the  Site,  all  documents  responsive  to  this  request  are 
attached  as  exhibits  to  Response  to  Information  Request  1(d). 

6.  Site  Incidents: 

Information  Request  6(a): 

Describe  each  and  every  leak,  spill,  or  other  release  at  or  from  Respondent's  operation  of 
materials  that  were  or  may  have  been  hazardous,  toxic,  flammable,  reactive,  or  corrosive,  or  may 
have  contained  hazardous  substances,  including,  but  not  limited  to: 

i.  the  date  of  each  such  occurrence; 

ii.         the  specific  location  on  the  Site  of  each  such  occurrence;  and 

hi.        the  materials  that  were  involved  in  each  such  occurrence  in  terms  of  the  nature, 
composition,  color,  smell,  and  physical  state  (solid  or  liquid)  of  such  material. 

Response  to  Information  Request  6(a): 

MTT  objects  to  the  scope  of  this  request  as  being  overbroad.  Without  waiving  any  of  its 

objections,  MTT  states  that  it  is  unaware  that  any  material  amounts  of  "hazardous,  toxic, 

flammable,  reactive,  or  corrosive"  materials  or  "hazardous  substances"  were  released  or 

threatened  to  be  released  during  the  experiments  conducted  at  the  Site.  MTT  further  states  see 

Responses  to  Information  Requests  1(d)  and  4(a). 

Information  Request  6(b): 

Describe  all  threats  of  leaks,  spills  or  releases  at  or  from  Respondent's  operation  of 
materials  that  are  or  may  be  hazardous,  toxic,  flammable,  reactive,  or  corrosive,  or  that  may 
contain  hazardous  substances,  including  but  not  limited  to: 

i.  the  date  of  each  such  occurrence; 

ii.         the  materials  that  were  involved  in  each  such  occurrence  in  terms  of  the  nature, 
composition,  color,  smell,  and  physical  state  (solid  or  liquid)  of  such  material. 
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Response  to  Information  Request  6(b): 

MTT  objects  to  the  scope  of  this  request  as  being  overbroad.  Without  waiving  any  of  its 
objections,  MIT  states  that  it  is  unaware  that  any  material  amounts  of  "hazardous,  toxic, 
flammable,  reactive,  or  corrosive"  materials  or  "hazardous  substances"  were  released  or 
threatened  to  be  released  during  the  experiments  conducted  at  the  Site.  MTT  further  states  see 
Responses  to  Information  Requests  1(d)  and  4(a). 

Information  Request  6(c): 

Describe  all  fires,  explosions  or  similar  occurrences  at  the  Site  (including  but  not  limited 
to  Respondent's  operation),  including  but  not  limited  to: 

i.  the  dates  of  such  occurrences; 

ii.  the  specific  location  on  the  Site  of  each  such  occurrence; 

iii.        the  nature  of  each  such  occurrences;  and 

iv.        the  measures  taken  to  respond  to  them. 
Response  to  Information  Request  6(c): 

MTT  objects  to  the  scope  of  this  request  as  being  overbroad.  Without  waiving  any  of  its 
objections,  see  MIT's  Response  to  Information  Request  1(d). 

Information  Request  6(d): 

Describe  and  provide  the  dates  of  all  activities  undertaken  by  Respondent  and  others  to: 
i.  address  all  leaks,  spills,  or  releases  of  materials  at  or  from  the  Site;  and 

ii.         to  prevent  a  threatened  leak,  spill,  or  release  at  or  from  the  Site. 
Response  to  Information  Request  6(d): 

Without  waiving  any  if  its  objections,  MTT  states  that  it  has  no  information  responsive  to 

this  request. 
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7.  Environmental  Work  at  the  Site 

Information  Request  7(a): 

If  not  already  provided  in  response  to  previous  questions,  identify  (see  Definitions)  all 
contractors,  site  managers,  or  other  entities  or  individuals  who  performed  and  [sic] 
environmental  studies  or  other  remedial  work  at  the  Site. 

Response  to  Information  Request  7(a): 

None. 

Information  Request  7(b): 

List  the  dates  of  each  such  entity's  or  person's  work  at  the  Site. 
Response  to  Information  Request  7(b): 

Not  applicable. 

Information  Request  7(c): 

Provide  a  detailed  description  of  all  activities  of  each  such  entity  or  person  at  the  Site 
including  but  not  limited  to: 

i.  the  nature  of  the  activity; 

ii.         the  identities  of  (see  Definitions)  the  persons  managing  the  activity; 

iii.        the  identities  of  (see  Definitions)  the  persons  performing  that  activity; 

iv.        the  dates  of  that  activity;  and 

v.         the  specific  location  on  the  Site  of  that  activity. 

Response  to  Information  Request  7(c): 

Not  applicable. 

Information  Request  7(d): 

Identify  (see  Definitions)  all  documents  produced  by  each  such  entity  or  person 
concerning  the  Site,  including  but  not  limited  to  all  work  reports,  site  analyses,  surveys,  and 
studies. 
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Response  to  Information  Request  7(d): 

Not  applicable. 

Information  Request  7(e): 

Provide  copies  of  all  documents  concerning  sampling,  testing  or  other  technical  or 
analytical  information  concerning  the  surface  water,  groundwater,  soils,  sediments,  and/or  air  at 
and  adjacent  to  the  Site  conducted  by  private  entities  or  by  local,  regional,  state  or  federal 
agencies. 

Response  to  Information  Request  7(e): 

Not  applicable. 

Information  Request  7(f): 

If  the  Respondent  or  its  contractor  is  currently  undertaking  or  planning  to  undertake 
investigations  or  excavations  of  the  soil,  groundwater,  surface  water,  sediments,  air,  geology,  or 
hydrogeology  on  or  about  the  Site,  describe  the  nature  and  scope  of  these  investigations  and  the 
estimated  completion  date. 

Response  to  Information  Request  7(f): 

Not  applicable. 

8.  Respondent's  Environmental  Reporting: 

Information  Request  8(a): 

Provide  copies  of  all  federal,  state,  and  local  permits  or  licenses  for  the  operation  of  the 
Site  and  any  facility  on  the  Site,  including  but  not  limited  to  permits  for  the  transport,  receipt, 
generation,  handling,  mixing,  reclamation,  recycling,  storage,  or  disposal  of  wastes. 

Response  to  Information  Request  8(a): 

Without  waiving  any  of  its  objections,  MTT  states  that  it  has  no  information  responsive  to 
this  request. 

Information  Request  8(b): 

List  all  Resource  and  Conservation  Recovery  Act  (RCRA)  identification  numbers  for 
Respondent's  operations. 
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Response  to  Information  Request  8(b): 

MTT  objects  to  the  scope  of  this  request  as  being  overbroad.  Without  waiving  any  of  its 
objections,  with  regard  to  the  Site,  MTT  states  that  it  has  none. 

-i 

Information  Request  8(c): 

Identify  (see  Definitions)  all  federal  offices  to  which  Respondent  has  sent  or  filed 
hazardous  substance  or  hazardous  waste  information. 

Response  to  Information  Request  8(c): 

MTT  objects  to  the  scope  of  this  request  as  being  overbroad.  Without  waiving  any  of  its 
objections,  with  regard  to  the  Site,  MTT  states  that  it  has  none. 

Information  Request  8(d): 

State  the  years  during  which  such  information  was  sent/filed. 
Response  to  Information  Request  8(d): 

See  Response  to  Information  Request  8(c). 

Information  Request  8(e): 

Identify  (see  Definitions)  all  state  offices  to  which  Respondent  has  sent  or  filed 
hazardous  substance  or  hazardous  waste  information. 

Response  to  Information  Request  8(e): 

MTT  objects  to  the  scope  of  this  request  as  being  overbroad.  Without  waiving  any  of  its 

objections,  with  regard  to  the  Site,  MTT  states  that  it  has  none. 

Information  Request  8(f): 

State  the  years  during  which  such  information  was  sent/filed. 
Response  to  Information  Request  8(f): 

See  Response  to  Information  Request  8(e). 


43 


Information  Request  8(g): 

List  all  federal  and  state  environmental  laws  and  regulations  under  which  Respondent  has 
reported  to  federal  or  state  governments,  including  but  not  limited  to  the  following:  Toxic 
Substances  Control  Act,  15  USC  §  2601  et  seq.\  Emergency  Planning  and  Community  Right  to 
Know  Act,  42  USC  §  1 101  et  seq.\  and  the  Clean  Water  Act  (the  Water  Pollution  Prevention  and 
Control  Act),  33  USC  §  1251  et  seq.,  and  equivalent  state  laws. 

Response  to  Information  Request  8(g): 

MIT  objects  to  the  scope  of  this  request  as  being  overbroad.  Without  waiving  any  of  its 

objections,  with  regard  to  the  Site,  MIT  states  that  it  has  none. 

Information  Request  8(h): 

Identify  (see  Definitions)  the  federal  and  state  offices  to  which  such  information  was 
sent. 

Response  to  Information  Request  8(h): 

See  Response  to  Information  Request  8(g). 

Information  Request  8(i): 

Provide  all  documents  relating  to  Government  inspection  of  the  Site  (including  but  not 
limited  to  Respondent's  facility)  during  the  period  being  investigated,  including  but  not  limited 
to  inspection  reports  and  communications  between  the  Site  operator(s)  or  owner(s)  and  the 
government  entity  concerning  operations  on  the  Site. 

Response  to  Information  Request  8(i): 

MIT  objects  to  the  scope  of  this  request  as  being  overbroad.  Without  waiving  any  of  its 

objections,  with  regard  to  the  Site,  MIT  states  that  it  has  none. 

Information  Request  8(j): 

Identify  all  surveys,  studies,  or  collections  of  data  for  which  Respondent  has  submitted 
information  to  local,  state,  federal  or  private  entities  about  its  waste 
disposal/treatment/storage/recycling  practices. 
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Response  to  Information  Request  8(j): 

MTT  objects  to  the  scope  of  this  request  as  being  overbroad.  Without  waiving  any  of  its 
objections,  with  regard  to  the  Site,  MTT  states  that  it  has  none. 

Information  Request  8(k): 

Provide  a  copy  of  the  information  submitted  by  Respondent  for  each  such  study  or 
survey. 

Response  to  Information  Request  8(k): 

See  Response  to  Information  Request  8(j). 

Information  Request  8(1): 

Provide  a  copy  of  the  resulting  survey,  study,  or  collection  of  data. 
Response  to  Information  Request  8(1): 

See  Response  to  Information  Request  8(j). 

Information  Request  8(m): 

For  each  legal  action  brought  against  current  or  prior  owners,  tenants,  or  site 
operations/managers  of  the  Site  regarding  Site  operations,  permitting,  or  environmental  matters, 
provide: 

i.  the  caption  name,  jurisdiction,  and  docket  number  (e.g.  US  v.  Owner  (D.  NH  92- 

333)[)]; 

ii.         the  date  such  action  was  initiated; 

iii.        the  names  of  the  parties  to  the  action;  and 

iv.        the  final  disposition  or  current  status  of  the  action. 
Response  to  Information  Request  8(m): 

MTT  objects  to  the  scope  of  this  request  as  being  overbroad.  Without  waiving  any  of  its 
objections,  with  regard  to  the  Site,  MTT  states  that  it  is  not  aware  of  any. 
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DECLARATION  ^ 

I  declare  under  penalty  of  perjury  that  I  am  authorized  to  respond  on  behalf  of 
MASSACHUSETTS  INSTITUTE  OF  TECHNOLOGY  (Respondent)  and  that  the  foregoing  is 
complete,  true,  and  correct.  The  information  presented  herein  has  been  assembled  by  the  MIT 
employees  identified  and  I  have  been  informed  that  based  on  the  investigation  conducted  by 
those  employees  the  information  is  complete,  true  and  correct. 


Executed  on  April  12,  2000 


William  Van  Schalkwyk,  Director, 
Environmental  Management  Office 
Massachusetts  Institute  of  Technology 
77  Massachusetts  Avenue 
Cambridge,  MA 
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Test  Plan  for  Infrared 
Countermortar  System  Brassboard 


I 


Dr.  William  c.  Keicher 
MIT/Lincoln  Laboratory 
16  January  1976 


1.0  Introduction 

Initial  measurements  of  the  long  wave  (8-l?i;m)  infrared  signatures  of 
mortar  shells  in  flight  have  indicated  that  mortar  shells  might  bo  detected 
with  an  infrared  detection  system  at  ranges  greater  than  5000  meters  (TT-G). 
An  infrared  mortar  shell  detector  brassboard  has  been  developed  by  the 
Government  Systems  Division  of  Philips  Audio  Video  Systems  Corporation.  The 
system  is  called  OPTIMAL,  a^   acronym  originating  from  Optical  Kortar  Acquisition 
and  Location  system.   The  system  utilizes  a  staring  array  of  HgCdTe  photo- 
conductive  detectors  to  provide  initial  detection  and  information  on  the 
azimuth  and  elevation  of  the  mortar  shell  at  various  positions  along  the 
trajectory  of  the  projectile.   Range  information  is  provided  by  a  Nd:YAG 
laser  ranger.  This  information  is  used  to  accurately  predict  the  launch 
point  of  the  mortar  shell.  This  field  test  will  utilize  the  passive,  infrared 
detection  system  only.  Later  field  tests  are  planned  for  the  entire  system. 
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2.0  Objectives  of  the  Field  Test 

The  infrared  mortar  detection  brassboard  will  be  used  to  accomplish  the 
follov/ing  objectives: 

1)  Perform  radiometric  measurements  on  the  Elircn  and  4.2  inch  mortar 
shells  for  various  charge  levels  and  range  geometries. 

2)  Determine  the  effect  of  temporal  and  spatial  variations  of  the  back- 
ground infrared  signature  on  the  performance  of  the  brassboard. 

3)  Develop  false  target  (clutter)  rejection  algorithms;  such  as  spatial 
discriminants  and  angular  velocity  discriminants. 

4)  Detect  81mm  and  4.2  inch  mortar  shells  fired  at  various  charge  levels 
in  various  simulated  tactical  scenarios. 

5)  Determine  the  required  operational  parameters,  such  as  stare  angles, 
number  of  stare  angles,  SNR,  angular  resolutions,  and  system  band- 
width. 


3.0     Location  of  the   Hold  Tests 

The  tests  will    be  conducted  from  J/jtf*rtfty  2.7  ,   1976  to  March  12,   1976 
at  Ca.v.p  Edwards,  Cape  Cod,  Massachusetts.     Camp  Edwards   is   located  near 
Falmouth,  Massachusetts.     The  infrared  mortar  detection  brassboard  will    be 
located  at  Fine  Hill    (19TCS69841824)   and    it  will   observe  mortar   firings   from 
several   mortar  ranges.     The  five  primary  mortar  ranges  are: 

1)  C  range  1 9TCS693C1 914 

2)  El    range  1 9TCS710G 1650 

3)  F  range  19TCS71541624 

4)  I    range  19TCS73721694 

5)  K  range  1 9TCS74661 784 

In  addition   three  secondary  ranges  may  be  used: 

1)  D  range  19TCS69701862 

2)  E  range  19TCS70501656 

3)  L  range  19TCS74362058 
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4.0  Test  Personnel 

The  test  personnel  will  belong  to  one  of  four  groups  MIT/Lincoln 
Laboratory,  Philips  Audio  Video  Systems  Corporation  (P.A.V.S.),  an  employ- 
ment contracting  firm,  and  the  Massachusetts  Army  National  Guard.  The 
MIT/Lincoln  Laboratory  Group  includes: 

1)  Dr.  William  Keicher  -  Test  director;  supervise  and  coordinate 
experiments;  record  and  analyse  data;  familiarize  himself  with  the 
electro-optical,  electronic  and  mechanical  operation  of  the  infrared 
mortar  detector  brassboard. 

2)  Elton  Merrill  -  Assistant  test  director;  supervise  and  coordinate 
operations  at  the  blackbody  site;  radio  operator  at  the  blackbody 
site. 

3)  William  Green  -  Mechanical  Technician;  and  in  setup  of  test  equip- 
ment; setup  remote  generator  and  blackbody  -  mast  at  the  blackbody 
site. 

4)  Louis  Hirshberg  -  Electronic  Technician;  aid  in  setup  and  trouble- 
shooting of  test  equipment;  setup  remote  generator  and  blackbody  - 
mast  at  the  blackbody  site.  Measure  temperature  of  blackbody  and 
mortar  shells  (immediately  before  firing  the  shells). 

In  addition,  two  other  technicians  can  be  added  from  Lincoln  Laboratory: 

5)  Robert  Shaw 

6)  Terry  Young 

The  P.A.Y.S.  group  includes: 

1)  Alan  Silver  -  Engineering  Specialist;  instruct  Lincoln  personnel  on 
the  operation  of  the  brassboard;  assist  in  the  operation  and  main- 
tenance of  the  system. 

2)  Ted  Guasconi  -  Design  Electrical  Engineer;  debug  aud   maintain 
digital  electronic  hardwere. 
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3)  Richard  Curran  -  Computer  Engineer;  debug  software  and  operate 
digital  computer . 

4)  David  Fell"  -  Senior  Mechanical  Engineer;  assist  in  obtaining  bore- 
site  of  system. 

5)  Jules  Forte  -  Electrical  Engineer;  debug  and  maintain  analog 
electronics. 

6)  George  Batchelor  -  Electrical  Engineer;  debug  and  maintain  system; 
system  operation. 

The  entire  P.A.V.S.  team  will  be  present  during  the  initial  setup  of 
the  system.  This  will  last  about  5  days.   During  the  remainder  of  the  tests 
an  average  of  two  P.A.V.S.  engineers  will  be  present.  Alan  Silver  will  make 
one  day  trips  to  the  site  every   week. 

An  employment  contracting  firm  will  provide  a  mortar  crew,  fire  detection 
control  crew  (FDC)  and  a  range  safety  officer.  This  group  consists  of: 

1)  Two  qualified  mortar  range  safety  officers. 

2)  Two  fire  direction  control  crewmen 

3)  Three  mortar  c rev/men 

4)  One  driver  /  radio  operator 

The  Massachusetts  Army  National  Guard  group  will  be  used  to  monitor 
range  safety  and  maintain  the  security  of  the  weapons,  ammunition  and  other 
military  equipment. 
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Weapon 
81mrn.  mortar 
4.2  inch  mortar 


Number  of  rounds 


50 


5.0  Ammunition  and  Weapons 

5.1  Ammunition 
Typo 
H.E. 
H.E. 

5.2  Weapons 

M29  81mm  mortar  2  each 

M30  4.2  inch  mortar  2  each 

5.3  Storage  and  Maintenance 

All  weapons  and  ammunition  will  be  drawn  as  needed  from  the  ammunition 
bunker  at  Camp  Edwards.  A  National  Guard  NCO  will  supervise  the  daily 
release  of  weapons  and  ammunition.  The  mortars  will  be  cleaned  every   day 
after  field  use. 


6.0  Experiments 

6.1  Test  scenarios 

The  test  scenarios  are  shown  in  the  following  sixteen  scenarios 
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6.2     Initial    Setup 

A  description  of   the   first   five  days  ai;   the   test  site   is   show;?   in 
PERT  chart   format. 
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6.3  Operations 

A  description  of  the  setup  of  the  test  vehicle,  repositioning  of  the 
test  vehicle  and  a  typical  daily  schedule  is  shown  in  PERT  chart  format. 
The  disposition  of  equipment  at  various  times  in  the  day  and  during  an 
experiment  are  schematically  shown  in  the  following  figures. 
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6.4  Blackbody  site  operations 

The  blackbody  site  operations  are  described  in  PERT  chart  format. 
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6.5  Synoptic  Weather  Effects 

A  synopsis  of  cloud  height  probabilities,  photopic  visibilities  and 
infrared  atmospheric  transmission  is  included. 


STATION:   FALMOUTH ,  U.S.A.   (41  39 N ,  070  31W) 


Fig.  AD.l   Probability  of  Synoptic  IVeather. 

Fig.  A9  . 2   Probability  of  atmospheric  attenuation 
for  the  (8.0-11.5),  (5.8-4.2),  and  (1 . 0- 1 . 2um) 

radiation  bands. 

Fig.  A9 . 3   Probability  of  atmospheric  attenuation 
for  the  10.6,  4.73,  3.8,  and  1.06pm  laser  lines. 

Fig.  A9 . 4   Joint  probability  of  cloud  height  and 
atmospheric  attenuation  for  the  (8.0-11.5), 
(3.8-4.2),  and  (1.0 -1.2pm)  radiation  bands. 

Fig.  A9 . 5  Joint  probability  of  cloud  height  and 
atmospheric  attenuation  for  the  10.6,  4.73,  3.8, 
and  1.06pm  laser  lines. 

Fig.  A9 . 6   Probability  of  cloud  ceiling  height. 

Fig.  A9 . 7   Probability  of  photoptic  visibilities. 


Fig.  A9  . 1   Probability  of  Synoptic  './eather.l 
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11.0     liiscellaneous 

11.1  Lunch 

The  lunch  break  will    occur   in   two   shifts   11:30  -   12:30  and  12:30  -   13:30. 
The  first  shift  will    include  on  range  safety  officer  and   the  radio  operator 
and  two  people   from  the  Pine  Kill   test  site.     The  second  shift  will    be  for 
all   others;  with   the  first  shift  maintaining  a  watch  over  the  equipment  and 
ammunition. 

11.2  Heaters 

Space  heaters  will  be  provided  at  the  assembly  area,  test  site  building, 
a  no"  mortar  site. 

11.3  Security  Classification 

Raw  data  ar;d  field  operations  are  unclassified.  Computed  results  and 
technical  performance  are  classified  confidential. 

11.4  Map 

r.   lih  ,  Hot)     iT.uj.'    Oi     Lc,.,p    L>!/ii.ioij     !•.■!  :.io.v.iiu:>C  i  uo     iS     nk.iliOcu. 

11.5  Firing  Tables 

Mortar  firing  tables  are  included. 

11 .6  Heterologic  Data 

Hank  Forrester  at  Otis  AFB,  extension  4194,  can  provide  weather  information 
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WITH  CARTRIDGE.  ILLUMINATING.  H301A3.  ARKcO  WITH  FUiEi  TIME.  H8',.U , 
FIRTO  WITH  rRCPELLlNG  CHARGE,  H9CA1,  FROM  HORTAR,  SIMM,  M29A1,  M125A1 
ANO  M.125.  THE  RANGE  FIRING  DATA  APE  RECORDED  IN  AtG  FIRING  RECORD 
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THE    TA6LES     IN    PART    2,    PREPAREO    FOR    HORTAR,    SIMM,    M29A1       ANO  CARTRIDGE, 
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A.        MORTAR,     SINS',     M2TAI     A'xO    M29 

MORTAR,     81MM,     SELF-PROPELLED,    *125A1    AND    K125 
CARRIER,     81MS    HORTAR,     TRACKEO,     XK755 
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I.       CARTnlOGE-ruZE    COKMNATIC'S.    AND    KSAN    WEIGHTS 


A.  THE  MEAN  We  I  GUI  OF  CAITf.I  OCE ,  HE.  h37*A2  AND  OF  THOSE  CARTRIDGES 
LtSTEO  IS  PARAGRAPH  2  IS  9.12  P0V"OS.  THESE  TABLES  APPLY  TO  THESE  CART- 
PIOGCS,  WITHOUT  C.OP.nLCTION  FOS  ADDITIONAL  WEIGHT,  WIEN  ARHEO  WITH  THE 
FOLLOWING    FUZES. 


FL'ZE,    fP,    F.3*7 
FUZE.    I'D,    y.jHM, 
FUZE,    PC.    H524A5 

FUZL'i  K>;  Hi2'A<r 

rJZt,  PC',  H'„2hA* 

FUZE,  FT-,  N52AA2 

F'jZE,  FD,  KS2^.A] 

e.  these  tame:-  /pply  to  cartridge,  Hi.  K3?'if.2  and  to  those  CAST- 
ftlOCS  LI3TC0  IN  PA-IACSAPI!  2  WriEN  A  *.".£- 0  WITH  FUZE,  VT,  K532  PROVIDED  AN 
ADDITIONAL  CCPRECT1GN  FOS  A  CCCREASE  IN  AIR  CF.NilTY  OF  4.9  PERCENT  15 
APPLILO.       Fl'lE,     VT,    H532     lb    NO!     TO    BE    USED    WKEN    FIRING  AT    CHARGE    0. 
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J.   WEAPON  CHARACTERISTICS 

A.   HGRTAR,  <..?-I\CH,  C30;  CARRIER,  107f;*  KOKTf.K,  H106AI   A'.D   »U0(.. 
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N'JMBER  OP  C?.C0V£S  2'. 
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Fig.  A9 . 6   Probability  of  cloud  ceiling  height 
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7.0  Range  Safety 

The  range  safety  officer  will  be  responsible  for  the  safety  of  all 
personnel.  He  v.'ill  be  in  conunand  of  the  mortar  range.  His  duties  are 
described  in  the  following  pages.   In  addition,  the  range  safety  cards 
are  included. 
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V.  n/-xf   f  i_r\    0 

DUTIES  OF  THE  SAFliTY  OFFICER 


5-1.    General  .    v     . 

'•My     is    a     command     resnonr.ibiHrv     Under         ,   •     *        y        lt   rn,,ffc  '"'trance  lias  been   ob- 


■^^™"-^^>^v~^^^r-.r,^.^^^r±  lamed. 


wiinio  coiidiifons,  a  saiev/oi'.rcer  is  required  /.    A'    ,„,(n-     <i    *     • 

o  assist  the  commander  in  ac'-onphshin"  this  -M.uiain   mat   die -visible   portion   of   the 

•?spons!bi!ity.  The  safety  officer  normally  should  ™)'S*  'S  ck'nroi  Personnel. 

a  regularly  assigned  officer  of  the  battery  so  M;           rC  *        D°I:'ar'n-cr:l  of  the  Army  regu- 

...L  there  will  be  no  divided   !-e<mon=-.iI>i'<(-"  b«-  'f    "]S'    P°'c    rcff«lations,    and    local    snecial    in- 

ween    battery   and^.tUlkmT^e^P^ntiencv  SiriJCLlons  Pertaining  to  safety  are  complied  with. 

.he  functioning  of  the  safety  officer  should  be  6-3.     Duties  cf  «.afe«v  OP,V«,  n..  •      c-  • 

ited  in   the  same  light  as  proficiency   in   the  After    hi      PMimh  ar\    S      I£?  £!"?    h 

"^^d^^.TlUW--In,dUl-r  ^^ 

^  nC; ^il^^rss  SL^^^J^^Jj^  -  ** 

""atX"^  ^Verify  the  servicealnhty  of  ammunition. 

^^ULM^^Wi^u-2iS   «^-d    loaccd   so  &.  Insure  that  the  charge,  projectile   -id  fu- 

I   tne   rounos,   wnen    ilroci,    will    bra  ?n    rho  bein^  ^red -trr- Ji-r,^M«  T?                     ,    , 

scribed  impact  ar^A.eond,  he  Jirf  insu-o  safef/card                                      Prescribed  °n  th* 

nat  all  safotv  rvfr,,-i     :;„  .,..,,  ,'".,"ft.?  ■■-■■■■ ^'--v, '  .   *T 

-!«wr3«.LT<Ji,».^fl««--r;1a.-*w.«-.-*-i ■■^v.ij<:SVw.^;:v;.;>;:tL,v-.lx..K^\e  c.  insure  that  rounds  are  not  fir->r,  K-',-.u  ^o 

■ftjffi^t.  W-tni,  servm-  „  fafc,;,  ,,„„.,  ,.—        ;^,„n,        „,,„,  „^  »"££  £~*  '■■= 

not   ue  assigned   oiher  dutic-.s     Par'-'ci'l-'rlv  r.~.^'V^  ^vr^v:-'-  •  •"*  .       .,        ,'    '"     »-,.-■:..•" 

|    tfl    not  be  required   to   check   the   accurac'v  nred~'^ ^ -— -— -^°r   lne   charS«    "««S 

1  fe  .SS^ILT^."'"  tosls  ira-  ,att^Jtrnds '"  rat  fircd  outsid°  th° 

-'>.    Dut'Vsof  ce«e*vrt«Jrft.«  ->-        -  •  m  i-1SlU'e  U!al  t!n,e"fuzed  rounds  a™  not  fired 

,«.  ^so"  dtK  °ard  SPPli°S  '°  ""  ,"  '™   lh^   — '-  ^  «*   f   r,,e 

■  Verify    hat  the  ba  L  i-  i ,  „           -.■  "".'.' '  ",c  s,tely  °fficei'  h«  K™  *  Positive  indi- 

afied  o/the  safety  c  4                       C  "°S'tl0n  ca'-,0:' that  il  is  "*•  to  fire. 

c  Prepare  a  safety  di^em  »•  Command  UNSAFE  TO  FIRE  on  all  eom- 

'    Chech  the  piece    ta^-htlne  ™ s  M     "    "r  ""^^  '?  fi"  M"  «'"  thc  rea" 

v„ .jr., ,.     .  .  ,     ^-^Je.'-'a}_..  sons  tlicretor.  Twoexamn  cs  nn* 

.  ^WsJaHBWl«»teil£anr.  »>  unsafe  to  f    e  3  mi/s  out 

""-.t^p.^-^Sv.v™,,,^  t^"  MAX)MUM  QU™T  E^A- 

«:::;,;, /"."A'0",  V"th  .;hf  1«--««™»t  rienUon  (Z)   UNSAFE  TO  FIRE    5  Mil  S  PPi  ow 

*i»»  Quadrant  e.^va.ion'  r    •'.     "'  y  ",Klstr!ll,t,»  rerreetion-i  io  the  safety 

"apcrviao  the  nW-hr-  o''.-"'ri...<  •  ''      immediately  after  rejrislratio.-,. 

-n«y  that  :„«;;::;  rl::'  t  „f  ....  f:    i"l>"rt  «?^»J»  *«*  malfunction,  of  an-- 


M^inodon  ih^.';;:;v;- ' '.. ,        JS  0I  tho    ,nun!!;cn  io  th°  °!^--  >»  ^ar»w  c 

'jTJurc   that   the   ■■■<•.'■'  '■■*  ,^.r     ,  •  ^jest  a;i  ambulanceC.^)  if  iu-.»«.icri,  and  be  j^repar- 


■  '  ■ '  < .  i     JO 


_soi:tio?is   are    j.,.         ed  to  n,;.kea  repo'-taa  iiHlh\i..:d'in  AP. 


■Kin.,.' '   ,vU   -^  :-"-  r'u»'m»"'         »«f  »">•_„,«*  emotion.,  ohacrved  and  c!„,.h 


ninii   the  eonditinns  have  Loon   t.o:rcde;i 

6-) 


r;.-i  6-^0 


Examples  of  unsafe  conditions  are — 

(1)  Safely   features   of   piece   not   operable. 

(2)  PropcHant  increments  cxno/ed  lo  flames 

(3)  Personnel  smokim.;  neprj^i;?^:;^^ 
(•I)    Improper  nauuiing  of  ammunition. 

(5)   Fuzes   and    projectiles   stored    together. 
(G)   Time  fuzes  previously  set  and  not  reset 
to  safe. 

(7)  Primer  inserted  before  the  breech  in 
closed  (separate-loading:  ammunition). 

(8)  Faiiure  of  cannoneer  Lo  inspect  the  pro- 
*l  pellant  chamber  and  bore  after  each  round  fired. 
*          (0)   Failure  of  cannoneer  to  swab  the  pro- 

pellant  chamber  after  each   round   of  separate- 
loading  ammunition  fired. 
6—4.    Misfire 

A  misfire  is  sometimes  the  result  cf  a  mechanical 
failure  and  somntimes  the  result  of  a  human  fail- 
ure. Whatever  the  cause,  when  a  misfire  has  oc- 
curred, the  action  required  in  TM  9-1300-203 
must  be  observed. 
6-5.    SofetyCard 

a.  A  safety  card  prescribing  the  hours  of  fir- 
ing:, the  area  in  which  the  firing  will  take  place, 
the  location  of  the  gun  position,  the  limits  of 
the  impact  area  (in  accordance  with  A"  385- 
G3),  and  other  pertinent  data  is  app-cved  by  ihe 
range  officer  and  sent  to  the  officer  in  charge  of 
firing.  The  officer  in  charge  of  firing  gives  a  copy 
of  the  card  to  the  safety  officer,  who  constructs 
a  safety  diagram  based  on  the  prescribed  limits. 

b.  There  is  no  prescribed  format  foi  the  safety 
card;  however,  the  format  shown  below  generally 
is  used. 

Safety  limits  for:  155-ir.m  how  Ml  CO,  sh  HE 
fz  M564,  M514,  M557, 

Type  of  fire:  low  angle. 

Firing  point:  S6321S85S6. 

Reference  point:  CX;  grid  az — approx: 
0. 

Left  limit:  Az  4730. 

Right  limit:  Az  5450. 

Minimum  range:  1.300  meters. 

Maximum  range:  £.000  meters. 

Special  instruction*;:  Use  only  chg  5  CM 
with,  this  card.  From  az  47 3 J  to  az 
5030,  maximum  range  is  7,000  mete's. 

6-6.     Sofety   Diagram 

p.  The  safety  oiiker,  on  receipt  of  the  safety 
card,  constructs  a  safety  diagram.  The  diagram 
need  not  be  drawn  P.  scale  but  r>v.i-A  accurately 
list  liio  piece  saiitingj-.  wh.ii.ii  delineate  the  impact 
area;  the  diagram  serve-;  as  a  conseni-.mt  means 
locking  the  con. morals  annou 


the  safety  limits.  The  diagram  shows  I  he  right 
and  left  limits,  expressed  in  defied  lo\:-;  corres- 
ponding to  those  limits;  the  maximum  and  min 
imum  quadr.".nf  elevations;  and  the  minimum 
fuze  settings  (when  applicable)  for  each  charge 
to  bo  fired.  The  diagram  should  not  he  cluttered 
with  unnecessary  information.  Maximum  iuv.- 
settings  are  not  necessary,  since  a  projectile  fired 
with  too  great  a  fuze  setting  but  with  the  propei 
maximum  elevation  would  result  in  an  impact 
burst  within  safety  limits  for  range. 

b.  The  basic  safety  diagram  is  a  graphical 
portrayal  of  the  data  on  the  safety  card.  On  the 
basic  safety  diagram  are  shown  the  minimum, 
maximum,  and  intermediate  (if  any)  range  hues; 
the  left,  rigid.,  and  intermediate  (if  any)  azi- 
muth limits;  the  deflections  corresponding  to  the 
azimuth  limits;  and  the  direction  in  which  the 
battery  is  laid.  The  safety  officer  determines  the 
deflection  limits  by  comparing  the  azimuth  on 
which  the  battery  is  laid  with  the  azimuth  limits 
and  applying  the  difference  to  the  referred  de- 
flection (3'J00  for  M100  sei  ies  sights). 

Example:  A  155-mrn  howitzer  M'iOy  bat- 
tery is  laid  on  azimuth  5100.  The  counter  re.vr. 
deflection  is  3,200  mils.  The  safety  card  for  th«j 
.-.o.iitioa  occupied  h  that  shov.n  is;  paragraph  C- 
b'j.  Trie  basic  safety  diagram  for  this  situaiio. 
is  shown  in  figure  5-1. 

c.  Unless  a  registration  has  been  fired  arid  cor- 
rections have  been  applied,  all  rounds  must  be 
fired  in  the  central  portion  of  trie  impact  area. 

6—7.    Minimum  Guiidrard  FlavaJion  (Low- 

Ancjie  fire) 
The  minimum  QE  is  computed  for  each  author- 
ized charge.  The  minimum  QE  consists  of  the  foi- 
lowing  elements: 

r.  Site  to  the  Highest  Point  on  MiiiimutK 
Range  Line.  The  safety  ofiicfu-  determines  the 
highest  point  on  the  minimum  range  line  by  plot- 
ting the  minimum  range  linn  on  a  man  and  in- 
specting for  the  altitude  of  the  highest  point. 

Sol':,  li  ;>n  Po!:-ioi  pc-::k  eau.-'..-  :.r  •£V.l>s-£-.s:s-.'j 
lin-itatii"!1.  ;i!on;;  fh"  rnir.huURi  ::>  "-.o  V-  ;c.  v.  5-;>i::iic  ?  t? 
i-  c-ornp-jtoti  aiul  only  th<-  firl:'.};-  ii:  ta--  :'!■;.<•-■••:.•  -  an;.  >.  • 
in-  •;.:-;■.!•:  is  limited  !»y  ifce  i«!:i!t.aan  i;  ..:d:::.:.  .--!•- vrtti-n 
<!>•:■.  ii.hi.-J  for  'he  {..c  -ik . 

b.  Elevation  for  Minimum   j'tmot.   If   con 
tions  are  known,  the  corrections  mi: 
when  '.lie  elevation  i<  computed. 


( 


e  applied 


o:  el 
ere'..' 


aose   vomrc. ana?: 


:d  to  the  gun 
ii-Ii   rcpres.imt 


6-8.  Minimum  Fur-  Settiny  (1 
'!  hv  mm:  s:  urn  ^-./x  ■■•. '.'.  ir.g  :\>r  ti 
•'la'.c  siting  corresponding  to  ih 

minimum    taupe    plus    the    fii;:o 

i  .....  ..  \    --.i. 


i )    The  mi.'iimiuu  fti: 


.-.1! 


•Art':;!*    : 
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rrc  -'« ion 
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Az 
Df 


370rr,ils 


Rg     ^300 


5IOO 

3.200 


A  z    L"".  r>o 
Df   2850 


3  50  mils 


Figure  6-1.  Ba 

the  time  of  flight  corresponding  to  the  eleva- 
tion for  minimum  range  plus  5.5  seconds.  Jf  the 
m  is  not  a  whole  number,  the  minimum  safe 
'j  for  YT  fuzes  is  tiie  next  highc  v/hole  num- 


% 


Maximum  Qucdrcnf  Elevation  (Low- 
Angle  Fiie) 

j  ue  maximum  QE  for  each  authorized  charge  is 

the  sum  of  lite  following  elements: 

a.  Site  to  the  Lowest  Point  en  the  Maximum 
.  intjc  Line. 

b.  KlcvcMon  for  the  Maximum  Range.  If  cor- 
t-tion.,  are  known,  the  corrections  must  be  ap- 
icd  when  the  elevation  is  computed. 

6-10.    Deflection  Limits 

*fler  a  registration   has  been  fired,  the  safety 
■  icer  must  correct  the  deflection  limits  of  the 
i>a:;ic  .safety  diagram  by  adding  the  total  deflec- 
tion correction  to  each,  deflection  limit. 
-(  i .     ^c.vip;::  rrobresn 
a.  Prior  to  Regi.Hruihn. 
Given: 

Safety  card  (para  G  -56). 
Basic  safety  diagram  (fig  6-1). 
Altitude  of  battery — 390  meters. 
Altitude  of  highest  point  at  minimum 

range — 'A\  meters. 
Altitude   of   lowest    point   ■■■A  maximum 
range  (right) — -do  met-.rs. 
^  Aluiude  of    lowest    point  r.t  maximum 

^  range  (l<.ft)- — J10  meters. 


sic  safety  diagram. 

Find: 

Minimum    QE,    minimum    fuze    setting 
(time),  and  maximum  QE. 
Solution: 

MininMu'n  QE: 

Altitude     of     Inchest 
point    at    minimum 

range 411  meters 

Altitude  of  battery  ..     390  meters 
Vertical  interval  +21  meters 

Site  (  +  21/4800,  GST)      +  5  mils 
Elevation     (charge    5 
green  bag,  GET)  ..     196  mils 

Minimum  QE 201   mils 

Minimum  fii/e  setting  for  fuze  M5G4  : 
Fuse     setting     corre- 
sponding   to    mini- 
mum elevation  .    . .  13.4 
Minimum  fu/e  setting  for  fuze  MSI  -1 : 
Time  of  flight  corre- 
sponding   to    mini- 
mum elevation 13.5 

+  5.5 

~19.0 

Minim'-m  fuze  selling  for  fuze  luSli  is 

10.0. 
Mi.xiii.um  QE  (right  segment)  : 
Lov/cot      iiKiltfriu      at 

ma:-:immn  range  40, "5  meters 

Altitude  of  ba'terv  390  meters 


6-3 


\:.\  c-f.o 


Vertical  interval  H15  meters 

Site  (  + 15/8000,  CP.T)      -»-2  mils 
Elevation     (charjre    5 

preen  bag:,  GFT) 
Maximum  QE   .    .    . 
Maximum  QE  (leftserrmcnt) : 
Lowest     altitude     at 

maximum  range    .. 
Altitude  of  battery 
Vertical  interval     .... 
Site  (  +  20/7000,  C ST) 
Elevation    (charge    u 

green  bag,  GET)  . . 
Maximum  QE   


447  mils 
'140  mils 


410  meter? 
800  meters 

+  20  meters 
+  3  mils 


36S  mils 


b.  After  Registration 

Given: 

GFT  setting:  GFT  A,  charge  5,  lot  XY, 

ranee  0,000,  elevation  315,  time,  20.4. 
Total  deflection  correction — right  8 
mils. 


Etna': 


Minimum  QE,  minimum  fuze  setting, 
maximum  QE,  and  new  defection 
limits. 


cv,;,  /; 


Minimum  Q 


Site  to  highest  point  at 

minimum  range  .  +f«  mils 

Elevation   (GFT)    ..       203  mils 

Minimum  QE  . .   213  mils 

Minimum  fuze  .setting  foe  fuze  M564: 
Fuze  setting  at  mini- 
mum range  (GFT)  13.9 
Minimum  fuze  setting  for  iuze  Mali : 
Time  of   flight  corre- 
sponding   to    eleva- 
tion 2CS 14.3 

+  5.5 

~lu\8 

Minimum  fuze  scitir.n  for  fuze  K51JI  is 

20.0. 
Maximum  QE  (right  segment) : 
Site  to  lowest  point  at 

maximum  rang.;  +2  mils 

Elevation  (GFT)  482  mils 

Maximum  QF-  ...     4M  mite 

Maximum  QE  (left  segment)  : 
Site  to  lowest  point  at 

maximum  jnnjvj  +3  nvl.s 

E.jgv;'.tion    (GFT)  3!)i   mile, 

E 804  n>i»s 


DeiWLion  Limits: 

liasic  deflection 
limits    ...      .3 

Total  defection 


L:ft  v  ,,'li.sir    Might 

3270     28 I      / 

113 


KB 


K5 


limits 
New  deflcrLio.n 

limiis    -   85r2     3202     28-;2 

h'otc.   Cr.T)'hic-')    <qi:ipmr-nt    ii   is ■.-i    fur   dc-tcrmiiili!:' 
cli-valions,  sites,  and  fur.e  selling  i":>r  lh«  I'jm-  .V.V:5  «..!:'.: 
ranges    permit   i'.s    u?e;    clhei  ."-i.-'-,    i-ibu'.-tr   tquijj'.iiCiil    i^ 
us'^d.   I'ata  arc  determined   to  the  ?.-.r.:o  accuracy  as  that 
foi  fling. 

6—12.     Consiruclion  of  Safely  Diugrsm  rrcm 

Visible  IseFerence  Point 
Occasionally,  a  safety  card  will  specify  a  refer- 
ence point  instead  of  an  azimuth  and  will  specify 
the  lateral  limits  by  angular  measurements  right 
and  left  of  that  reference  point.  The  procedure 
for  preparing  the  safety  diagram  is  as  follow?:: 

a.  Use  the  following  information  from,  the 
safety  card: 

Reference   uoint:    Blockhouse    Signal    Moun- 
tain. 
"""•Lt-ft  limit:  350  mils  left. 

Right  limit:  200  mils  right. 

b.  After  the  pieces  havy  bevn  '.aid  and  i'-v 
collimators  have  bcoii  cmp'.Mod.  dc-Ur.imr.  [•'.■■ 
smallest  angle  b^two-n  th-j  line  of  fire  and  i  ( 
reference  point  by  using  the  azm-uth  cou.d-.n-  ol  " 
the  panoramic  telescope  of  the  ha?e  y^ecc  as  .j.n 
angle-measuring  instrument.  (Assume  that  the 
battery  has  been  Irid,  the  collimator  hr.s  I  fen 
emplaced  at  deflection  2G00,  ?.nd  an  angle  ox  100 
mils  has  been  measured  from  the  line  of  fire  to 
the  reference  point  (fig  6-2).) 

Note.  Smcc  the  panoramic  tflescopj  treasures  only 
clockwise  nnrl'.v<,  determine  those  nr.j;I-:s  messu;od  to  ih>: 
loft  cf  the  line  of  f.rc  fry  sublrcctir-K  l":is  roadinp;  on  the 
azimuth  cou*iU.r  of  the  sight  from  2?>VJ  ar.d  d^tr-rrolnij 
ar.pks  measured  to  lh--  rijrht  of  the  iis.s  of  ftre-  fry  sub- 
tracting 3200  from  the  rtadiiiri  on  ih«s  a/iminh  cuMcr  cr 
the  sij-;ht.  In  this  eN.r-.mpIe,  mcj:si:ni;';  to  chr  re  ??::-.- v.  ?e 
point  would  produce  ;•  reading  cf  S'.O'j  n._f'";  miruss  MOO 
cciL'ii.'.  If'Q  ruli    ;. 

c-  Using  Use  LA 'ft  3  rule  (left,  add;  right,  sub- 
tract),  determine  the  prop0:-  defk-""m:i  to  /ft/?  ir-e 
pieces  on  the  reference  pcin.t  (defiecf'cn  ;>2(-u, 
left  R:0,  equals  doMecliun  3300). 

(I  Again  using  the  LARS  ride,  apply  the  rigid 
and  loft  angular  nit/a^uiemen;;?  from  ilm  :;!.;•- 
tmce  point  spt"ih\:d  u:\  lhi!  sai'ery  card  to  (:m 
deflection  reauirod  in  by  on  i;:c-  v-.^-ix'. -.'•<'•.  p-Oini 
(f"gfi-2). 

(1)    i.-vft    limit:    From    dutiectiou   f»?y0,    !•      ^ 
3^'!  couals  dt''««.ciion  oiiji). 
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Figure  6  -.'?.  Safely  diagram  from  visible  reference  point. 


Direction 
cf 
fire 

Sir,ht  sio,N  reading  2200 

reeding   2fcoO 


S':;hi 

rzsc.r.cj    :-50_ 
/bstO    for    f.'.  10?) 


Figure  C-S.  Scfciy  sluice  diagrn-n  based  on  fca-s/c 
safety  diagram. 

(2)   Right  liir.it:  From  deflection  8300,  right 
200  equals  deflection  "100. 

c.  li'  the  reference  point  is  not  visible  because 
of  wealhei  conditio:::*  and  the  azimuth  to  the 
reference  point  is  not  given  on  the  safety  card, 
the  safety  ofricer  must  compute  the  azimuth  by 
using  the  grid  coordinates  of  the  reference 
point.  The  pieces  may  then  be  laid  en  that  azi- 
muth or  on  any  oilier  convenient  azimuth. 

6-13.     Specie!  Si;i;o>:ons 

a.  II  i'jL- Angle  Fire.  When  high-angle  tire  is 
employed,  the  safely  limits  are  computed  in  the 
following  manner: 

(1)  Sfaxivii'/ri  quadrant  elevation  The  max- 
imum QE  for  minimum  range  is  Die  sum  of  the 
0:cv:d.!o::  (to  the  nearest  mii)  for  minimum  range 
"fid  lb..;  :  :•(.•  (to  tiie  nearest  mil)  to  the  highest 
i  '.nut  <•."  t;;e  mimmum  range  lino. 

(2)  .*••  .;d.v.  :,-;;•>   <;i;jnirav.l   KU'ViXi'Oi: .  The  mild- 

Ijauir,  (,>'.:  for  .maximum  range  is  ihe  sum  of  the 


(to    the    nearest 


inn)    ;jr    maximum 


range  and  the  siio   (to  the  nearest  mi!)   to  the 
lowest  point  on  the  maximum  range  line. 

(3)  ljrjhc'iov  Utnit.8.  When  high-angle,  fire 
is  employeVr,  the  deflection  limits  on  the  basic 
safety  diagram  arc  always  modified  to  consider 
the  drift.  The  right  deileelion  limit  is  moved  to 
tiie  left  by  the  amount  of  Use  maximum  drift 
for  the  cannon  for  the  charges  within  the  range 
limits  to  be  fired.  The  left  deflection  "limit  is 
moved  to  (he  left  by  the  amount  of  the  minimum 
drift  for  the  cannon  for  the  charges  wiibi.-i  I  he 
range  limits  to  be  bred.  After  a  liigii-angio  reg- 
istration, the  deflection  limits  arc  determined  in 
the  same  manner  and  are  further  modif.nl  by  the 
amount  of  the  GFT  deflection  correction. 

b.  Illuminating  Projectile.  When  illuminating 
projectiles  are  employed,  the  safety  diagram  is 
computed  using  the  illuminating  tabular  firing 
tables.  The  procedures  are  the  same  as  those  used 
for  shell  HE  in  low  angle  fire  except  as  follows: 

(1)  The  range  i'ui'e  function  column  is  used 
to  determine  the  minimum  quadrant  elevation 
and  the  minimum  fuze  setting. 

(a)  The  minimum  quadrant  elevation  i? 
determined  by  lowering  the  height  cf  burst,  in 
50  meter  increments,  to  the  highest  pent  on  the 

(u)  T'ie  minimum  fu?e  setting  •„;  dclar- 
miucd  in  tfte  same  manner  as  is  mini;.:;  m  f'.iyii 
setting  determined  for  sh'iii  HE,  fuze  .-d^Cf. 

(2)  The  rav.ge  to  impact  column  is  '■::■  xi  to 
determine  the  maximum  quadrant  elevation  to 
the  lowest  point  on  the  maximum  range  line. 

Note.  Tests  aro  presently  l>  •  >  >  r?  y:  cor.dvcted  to 
determine  the  debris  ;..-ea  foi  ihe  illurnjn&iiiig  projectile 
Wl-.cn  this  dura  is  sva;iah!c  it  will  be  publ:s:v:d  in  ap- 
propriate, fir::'.;;  iabfrs. 

c.  Improved  Conventional  Munitions.  When 
improved  conventional  munitions  (ICM)  are  em- 
ployed, the  safety  diagram  is  determined  as  for 
shell  J  IE  in  low  a  ugh:  fir;.1  except  as  follows: 

(2)  The  minimum  quadrant,  elevation  is  de- 
termined by  adding  the  1CU  ccrrccLic.n  for  QI.1 
to  the  minimum  QE  for  HE. 

(2)  The  maximum  e'evation  is  def.oinij'.e-:.: 
using  the  la.nge  to  impact  column  and  sit':  for 
sheil  HE. 

(2)  The  minimum  fuze  setting  is  determin- 
ed by  adding  ihe  ICM  correction  for  iuv.^  setting 
to  the  minimum  fu/.c  setting  for  fuze  M,"G  I. 

6-K.    Safely  Slakes 

n .  S.  f't;.-  slakes  are  visual  aids  that  mark  ihf- 
latcr.vl  safely  limits  for  ea:h  piece.  Thn  elal.es 
;-re  placed  approximately  10  meters  forward  oJ 
each  piece 
the  safety 


sag  I  in;  lalcsal   limits 
)\L    By  standing  tu   th 


rear  m 


m 


piece  and  glancing  along  the  tube,  the  safely 
officer  can  easily  see  whether  the  tube  is  pointed 
close  to  i He  lateral  safely  limits.  When  the  tube 
approaches  the  limits.  the  safety  officer  makes  a 
carefo!  chock  on  the  deflection  set  on  the  jv'ecc 
and  on  the  actual  lay  of  the  tube. 

b.  The  best  method  for  placing  safety  stakes 
is  to  traverse  the  tube  io  the  lateral  limits  r.nd 
sight  through  the  tube  as  the  crewmembers  in- 
stall the  safety  stakes. 

c.  Another  method   for   placing  safety   slakes 
(fig  6-3)  is  as  follows:  Lay  the  tube  in  the  direc- 


tion in  which  the  battery  was  initial!.'/  laid.  From 
the  safety  card,  determine  the  angles  (righ; 
and  left)   from  the  direction  of  fire  to  the  rh'hl 


and  kit  limits.   Using   the  reset  cotm 


V 


panoram;c  telescope,  sjt  off  the  angles  from  'he 
direction  of  lire  to  the  deflection  limits  and  aliau 
the  safety  .slakes  with  the  vertical  hairline. 

d.  For  inclosed,  «;clf-  propclicd  weapons,  various 

aids  to  safety  are  used,  since  safely  slakes  cannot 
be  seen  from  tbe  piece.  One  method  is  to  mark 
with  chalk  the  defieetion  iimits  on  the  turret 
azimuth  scale.  The  unit  SOP  should  indicate  the 
approved  method  for  Ike  piece. 
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8.0  Transportation 

All  participating  personnel  will  be  issued  identification  tags  for 
their  vehicles.  All  personal  vehicles  will  be  parked  outside  the  designated 
assembly  area.  Transportation  to  the  sites  will  be  by  lab  or  Military 
vehicle.  Military  vehicles  will  not  leave  Cam.;  Edwards  (except  to  refuel). 
Personal  vehicles  will  not  be  allowed  at  the  test  site  or  the  mortar  rarge. 

A  2  1/2  ton  truck  will  be  used  to  transport  ammunition  and  a  1  1/4  ton 
truck  will  transport  the  weapons.  Two  l/4t  trucks  are  also  available  for 
transportation. 


9.0  Electric  Power 

Electric,  power  will  be  supplied  from  a  building  at  the  Pine  Hill  site. 
A  120  v,  1.25  KW  generator  will  supply  power  to  the  blackbocly  and  beacon 
on  the  mast.  A  120  v,  5  KW  generator  will  provide  power  at  the  mortar 
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10.0     Communication:- 

A  FM  tactical    radio  net  will   be  used  to  provide  communication  between 
the  niortar  site,  blackbody  site  and  the  test  site.     The  test  site  will   be 
the  net  control    station  and  H.Q.   Car-.p  Fdwards  will   maintain  a   ranije  safety 
net.     Communication  equipment  in  the  FM  radio  net   includes: 

1)  test  site   (Cortez   van)   -  AN/VRC-46;  AN/PRC-77 

2)  mortar  site   -  AN/VRC-46 ^  /Wf?£<i-?7 

3)  H.Q.    Camp  Edwards   -  An/VRC-46 

4)  blackbody  site   -  An/PRC-77    (z) 
10.1      FM  Radio  Nets' 

Primary 


STATION 
test  site 
mortar  site 
blackbody  site 
H.Q.  Camp  Edward: 


CALL  SIGN 
"Mustang  Token  61" 
"Mustang  Token  6?" 
"Kustanq  Token  63" 


Secondary 
CALL  SIGN 

"Forecast  Serpent  81" 
"Forecast  Serpent  82" 


J>6,    i 


mhz      (&&$€     ^rr7V    c/Ji/J 


Primary  frequency 
Secondary  frequency 

10.2  Intercom 

An   intercom  link  will    be  maintained  between  the  Cortez  van  and  the 
infrared  brassboard  van. 

10.3  Telephone 

A  telephone  will  be  provided  in  the  Cortez  van. 
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ABSTRACT 

(U)     Infrared  signatures  in  the  8-11. 5ym  band  were  measured  for  US  81mm  and 
4.2  inch  mortar  shells  in-flight  at  1  km  to  5  km  ranges  under  clear  sky  and 
cloudy  overcast  sky  background  conditions.  Data  were  obtained  at  ambient 
temperatures  from  270  K  to  285  K  and  for  recorded  sky  background  radiant 
temperatures  of  250  K  to  270  K.  The  experimental  signatures  were  corrected 
for  atmospheric  transmission  and  normalized  to  a  90°  aspect  line-of-view, 
radiant  intensity.  An  IR-signature  algorithm  has  been  developed  by  least 
squares  fitting  the  data  against  the  ambient  background  radiant  intensity. 
These  equations  are  used  with  the  performance  factors  of  the  measurement 
sensor  and  with  weather  statistics  on  atmospheric  IR  transmission  to  deter- 
mine the  operational  probability  limits  of  an  infrared  projectile  tracking 
mortar  system. 
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1 .  Introduction 

(U)    The  utility  of  a  passive  infrared  detector  coupled  to  a  laser  ranger 
system  for  acquisition  and  high  resolution  angular  tracking  of  inflight 
mortar  and  artillery  shells  has  been  proposed  as  an  approach  for  hostile 
weapons  location.  One  design  under  consideration  by  Lincoln  Laboratory/ 
Philips  uses  a  dual  linear  array  of  IR  sensors  in  a  staring  mode  to  detect 
the  target  and  provide  information  on  its  position  in  azimuth  and  elevation. 
Upon  registration  of  a  target  hit,  the  position  information  is  then  trans- 
ferred to  the  laser  ranger  system  to  acquire  the  target  distance.  An  on- 
line mini-computer  processes  the  trajectory  input  and  returns  in  real  time 
the  hostile  weapon's  launch  location. 

(C)     To  assess  the  feasibility  of  a  passive  IR  detection  system  to  locate 
mortar  shells  while  inflight,  preliminary  signature  measurements  in  the 
8-12  micron  region  were  made  of  the  US  81mm  and  4.2  inch  shells  at  the 
Aberdeen  Proving  Grounds^  .  The  8-12  micron  band  was  chosen  because 

atmospheric  transmission  losses  are  minimal  in  this  wavelength  interval. 

2 
The  Aberdeen  experiments  provide  high  resolution  (4  cm  )  radiant  intensity 

maps  of  the  mortar  shell  at  a  close  range  of  120  ft  and  for  a  90  aspect  from 

nose-on.  In  general,  the  analysis  of  that  data  showed  the  radiant  intensity 

of  the  81mm  and  4.2  inch  mortars  varied  less  than  5  percent  between  charge 

increments,  CHI  to  CH9  for  the  81mm  and  CH25-CH35  for  the  4.2  inch  shell. 

The  average  radiant  intensity  of  the  81mm  was  analyzed  to  be  cjol.   1.05  W/sr 

and  that  of  the  4.2  inch  was  cxl.   1.45  W/sr,  scaling  roughly  as  their 

geometric  projected  area  at  a  90°  aspect. 
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consisted  of  15  operational  sensor  pairs,  each  detector  element  being  0.06  mm 
x  0.34  mm  in  size  and  subtending  a  field  of  view  2  mrad  in  azimuth  and  .33 
mrad  in  elevation.  Separation  distance  between  rows  was  0.38  mm.  The  target 
image  was  mechanically  chopped  at  2  kHz  and  electronically  processed  through 
a  low  noise  current  mode  preamplifier,  band  pass  filter,  synchronous  detector 
and  low  pass  filter  (Figure  1) .  This  procedure  allows  the  2  kHz  components 
of  the  target  signal  to  be  amplified  selectively  above  the  modulation  noise 
of  the  detector-preamplifier  combination  and  returns  the  detected  signal 
to  baseband. 

(U)     The  brassboard  optics  consisted  of  a  germanium  -  Irtran  2  -  germanium 
triplet  f/.8  lens  of  6.6  inch  focal  length.  The  lens  optics  produced  a 
blurred  spot  size  having  an  angular  subs  tense  of  0.31  mrad. 
2.2  Calibration 

(C)     The  detector  array  was  calibrated  in  the  field  by  aiming  the  brass - 

2 
board  at  a  calibrated,  chopped  (90  Hz)  blackbody  source  (62  cm  aperture) 

located  500  meters  away  on  a  30  ft  tower.  The  intensity  of  the  blackbody 

was  varied  over  an  equivalent  temperature  range  of  40  C.  The  temperature  of 

the  source  and  that  of  the  chopper  wheel  were  measured  to  within  0.25  C  using 

surface  thermistors.  The  peak  voltage  of  each  detector  channel  was  fed  into 

a  narrow  bandpass  (6  Hz)  RMS  wave  analyzer  and  recorded  on  magnetic  tape. 

Additional  calibration  points_were  obtained  by  looking  at  flat  plate  targets 

of  known  temperatures  coated  with  3M  NEXTEL  flat  black  (No.  101 -C10)  paint 

(y  emissivity  of  unity  in  the  LWIR) .  Peak  voltages  from  these  source 

measurements  were  recorded  and  converted  to  calibration  RMS  voltages.  The 
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the  81mm  and  4.2  inch  mortars  are  shown  in  Figures  4  and  5.  The  results  of 

the  trajectory  generator  computer  code  were  checked  against  the  US  Army  81mm 

(41 
and  4.2  inch  firing  tables^  *   and  were  accurate  to  within  0.5  percent. 

3.  Signature  Measurements  and  Data  Reduction 

(C)     Mortar  signatures  of  the  US  81mm  and  4.2  inch  shells  (Figure  6)  were 
measured  under  clear  and  cloudy  sky  background  conditions  at  ranges  from  1  km 
to  5  km.  Ambient  ground  temperatures  of  the  experiments  varied  between 
270  to  287  K.  Sky  background  radiances  were  measured  with  each  firing  and 
corresponded  to  apparent  sky  temperatures  of  273°  to  233°K.  Pho topic 
visibilities  and  relative  humidity  data  were  recorded  during  each  experiment 
and  were  reduced  to  atmospheric  transmission  in  the  8-11. 5ym  band^  .  Ex- 
perimental data  of  the  81mm  and  4.2  inch  signature  measurements  are 
summarized  in  Tables  3  and  4  along  with  the  sky  background  condition  in 
Table  5.  The  peak-voltage  signals  of  the  IR-sensor  channels  (Figure  7)  were 
converted  to  mortar  signature  radiant  intensity  by  means  of  the  following 
calibration  equation 

a   (.38  V  )  ^A^  R2 

exDt  2       *  t-U 

eApc    OTF  ETF  t  .  D  L 
atm  s 


where  V  is  the  experimental  peak  voltage,  a^  and  b-u  are  the  channel 

calibration  curve  fit  coefficients,  A  is  the  area  of  the  calibration 

'  s 

blackbody  source,  x    is  the  IR  atmospheric  transmission,  D  is  the  cali- 
bration distance  from  detector  to  blackbody  source  and  R  is  the  range  to 
target.  The  quantity  OTF  is  the  optical  transfer  function  needed  to  correct 
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expt    passive    earth,  sky    occult  '  (3) 

where  I    -   is  the  radiant  intensity  emitted  by  the  heated  mortar  surface, 
passive  J  J  ' 

I   .,   ,   is  the  reflected  intensity  of  the  earth-sky  background  radiation, 
and  Ioccuit  is  the  radiant  intensity  of  the  background  instantaneous  field- 
of-view  (IFOV)  obscured  by  the  projected  area  of  the  mortar  shell,  normal 
to  the  sensor  view  line.  Equation  3  may  be  re-defined  in  terms  of  an 
emissivity-area- radiance  produce,  i.e., 

AI     =  e  A  L  +  RTF  (1  -  e)  A  L  -  A  L  ,   ,         m 
expt     p  m      v     J     p  B    p  sky  '         I'U 

where  e  is  the  emissivity,  A  is  the  projected  area,  RTF  is  the  radiative 
transfer  function  for  the  earth-sky  background  radiance  and  L  ,  L~  and  L  , 
are  the  radiances  of  the  mortar  shell,  ambient  earth  shine,  and  the  IFOV 
sky  radiance,  respectively.  The  sky  radiance  is  given  in  terms  of  its 
apparent  temperature  difference  below  ambient  by 

Ls  =  LB  -  k  At  ,  (5) 

here  k  is  the  conversion  factor  (.0000496)  to  change  AT  (  C)  to  radiance 

2 
(W/sr/cm  ) .  The  radiative  transfer  function  is  defined  by  the  equation 
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here  A  is  referenced  to  the  90  aspect  projected  area,  A  is  an  empirical 
constant  identified  with  the  passive  mortar  signature  component,  and  L-.  is 
the  independent  variable  taken  to  be  the  ambient  background  radiance  given 
by  the  ambient  temperature  of  the  signature  data  point.  The  overcast -sky- 
signature  measurements  of  the  81mm  and  4.2  inch  experiments  were  least  squares 
fitted  according  to  Equation  7  to  obtain  the  empirical  constants  A  and  A,  . 
Because  of  the  scarcity  of  the  clear-sky  signature  data,  these  measurements 
were  checked  for  consistency,  using  calculated  curves  obtained  by  scaling  the 
least  squares  constant  A.  of  the  overcast-sky  results  with  the  ratio  of  the 
theoretical  RTF  factors,  i.e., 


A,  (clear)  =  A,  (cloudy) 


RTF  (cloudy)J 


V  Pdtc     (9) 


RTF  (clear)  1  = 

60 

where  pRTp  was  taken  to  be  the  average  value  .72  +  0.2  for  the  data 
(elevation  angles  between  0  and  15  ) .  The  reflective  components  of  these 
data  correspond  to  mortar  shell  firings  where  the  symmetry  axis  is  oriented 
at  a  60  inclination  angle  to  the  earth's  horizon.  The  mortar  signature 
equations  determined  by  the  least  squares  analysis  are  summarized  in  Table  7. 

5.  Operational  Probability  Analysis  (Weather  Effects) 

(U)    A  computer  program  (Weather  Operational  Probability  code)  has  been 
developed  to  couple  the  IR-mortar  signature  and  atmospheric  transmission 
statistics  with  the  performance  factors  of  the  (passive)  IR-brassboard 
system.  The  probability  for  a  951  target  detection  frequency  requires  a 
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The  operational  probability  analysis  of  the  81mm  and  4.2  inch  shells  was 
carried  out  for  the  90  aspect  signature  and  stare  angles  of  1  ,  2  ,  and 
3  elevations  (Figure  16  and  17)  .  These  prdbability  curves  are  based  on 
weather  statistics  for  clear-air,  fog-haze  and  rain  I R- atmospheric  trans- 
mission. 

6\  Conclusions 

(C)     Infrared  signatures  of  the  81mm  and  4.2  inch  mortar  shells  measured 
inflight  at  ranges  between  1  km  and  5  km  under  various  sky  background 
conditions  are  found  to  compare  favorably  with  the  high  resolution  signatures 
deduced  from  close  range  ground  tests .  The  Camp  Edwards  data  appear  to  be 
consistently  about  20  percent  lower  than  the  Aberdeen  results,  which  may  be 
due  to  the  lower  reflective  radiant  intensity  of  the  colder  sky  background 
field-of-view  of  the  Camp  Edwards  firings.  Analysis  of  the  81mm  and  4.2  inch 
signatures  shows  empirically  that  the  radiances  of  both  shells  are  comparable. 
The  passive  and  earth-sky  reflective  components  scale  roughly  as  their 
respective  projected  areas.  Also  the  cloudy  overcast  signatures  may  be 
scaled  to  the  clear  sky  signatures  by  a  derived  earth-sky  radiative  transfer 
function  based  on  measured  sky  temperature  profiles.  Infrared  signature 
equations  have  been  obtained  by  least  squares  fitting  the  experimental  data 
against  ambient  background  radiant  intensity  and  used  with  weather  statistics 
for  IR-atmospheric  transmission  to  assess  the  operational  probabilities  for 
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Table  8    (C) 

QUANTITIES  FOR  THE  SNR  EQUATION 
(IR-BRASSBOARD  PERFORMANCE  FACTORS)    (U) 


< 


Symbols 


Values 


Description 


AI 
s 

opt 
D* 

nopt 

nele 

nchop 


Eq.  11 
.0345 

1.4  (1010) 

0.85 

0.9 
0.71 


IR  mortar  signature,  w  sr 
Optics  area,  m 


Detectivity,  cm  -yHz  w 
optics  efficiency 


electronics  efficiency 


chopper  efficiency 


-1 


Weather  Statistics   IR- atmospheric  transmission 


Det 


1000-10,000    target  range,  m 

-4  •  2 

1.87  (10  )     Detector  area,  cm 


95-190 


signal  bandwidth,  Hz 


curves  of  Figures  16  and  17  were  calculated  for  n  ,   =1  (no  chopper  in 


the  system) . 


Co 


31 


:  •  *  ' 

!    I    ' . 


Unclassified 


0.035 


.UNCLASSIFIED 


18-5-7120 


AI=  As-  oVb 


As=  62  cm' 


1- 
z 

-    0.035 

Q 

< 

,21   /25 

/22y023 

/ ////  26 

°?    0.030 

M 
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— 

0.025 
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0.020 

0.015 

A 

0.010 

0.005 

r    \       i       i 

I          I           I          i 

0  0.2       0.4       0.6       0.8        1.0        1.2        1.4 

VRMS OUTPUT (V) 

Fig.  2.  Voltage -Radiant  intensity  calibration  curves  for  the  multi- channel 
IR-detector/pre-amp  mortar  signature  recording  system.  (U) 
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Fig.  4.  Ballistic  trajectory  calculations  for  range  and  aspect  angles  of 
the  81mm  mortar  signature  measurements.  (U) 
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PAINTED  SURFACES 


Fig.  6.  Geometries  of  the  US  81mm  and  4.2  inch  mortar  shells.  (U) 
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SPOT   SIZE  ANGULAR  SUBSTENSE 
0.31  mrads 

SENSOR  ANGULAR   SUBSTENSE 
033  x  2  mrads 


IFOV    RANGE: 

1km 

2km 


I      I     l      I      I     '      I     '      I     I     I      I     I 


100  200  300 

TRANSIT  LENGTH  (cm) 


400 


i 


Fig.    8.     Calculated  optical  filter  function  (OFF)   of  the  IR-brassboard 
sensor-optics  combination.    (U) 
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Fig.  10.  Calculated  optical  transfer  (OTF)  of  the  81mm  and  4.2  inch  mortar 
shells  for  a  IFOV  90°  transit  angle.  (U) 
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NORMALIZED 
TO  90°  ASPECT 


4.2-in.AREA90,441cm< 
81  mm, 293cm2 


0  20  40  60  80  100 

ASPECT  ANGLE  (deg) 

Fig.   12.     Normalized  projected -area  correction  factors,   p.   for  the  81mm  and 
4.2  inch  signature  data.    (U) 
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Fig.  14.  Plots  of  the  81mm  and  4.2  inch  (passive  and  earth-sky)  radiant 
intensity  data  from  clear- sky  background  signature  measurements.  (U) 
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IR-COUNTERMORTAR  OPERATIONAL  PROBABILITY 

BERLIN,  GERMANY 
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Fig.  16.  Operational  probability  curves  of  the  IR  countermortar  system  for 
winter  -  Berlin,  Germany.  (U) 


i 


• 


u'sfUSS!FiED 

Confidential  ■ 


•  •  •  « 

.'   '   •  • 

•  •  •  . 


♦ 


> 


i 


i 


rd-'fi--  ■;■&  V^u: .-.; v*  £&*  :-:■■  i\Lrf.  ■;.  ?i  'AX&te&-$&&*\ 


UNCLASSIFIED 

GOHlIitfeSritfctl: 

IV.  IR  COUNTERMORTAR 


INTRODUCTION 


[U]  The  infrared  countermortar  system  utilizes  a  staring,    linear-array  "fence"  of  infrared 

detectors  for  detection  and  a  laser  ranger  to  provide  mortar-shell  trajectory  information.     Pro- 
jectile azimuth,    elevation,    and  range,    which  are  measured  at  several  positions  along  the  tra- 
jectory,   are  used  to  predict  the  launch  point  of  the  projectile  (SATS,    31  July  1975,    p.  45). 

[C]  Philips  Audio  Video  Systems  Corporation  has  completed  construction  of  the  passive  in- 

frared fence  and  the  integrated  Nd:YAG  laser  ranger.     Field  tests  were  conducted  at  Camp  Ed- 
wards,   Massachusetts,    using  the  passive  portion  only.     Mortar  shells  were  successfully  detected 
at  ranges  up  to  5  km.     In  addition,    data  were  gathered  on  the  background  infrared  radiance  and 
its  effect  on  the  performance  of  the  staring  detector  system. 

[U]  The  integrated  IR  countermortar  system  is  scheduled  for  checkout  and  calibration  at 

M.I.T.    Lincoln  Laboratory  until  mid-September,    and  then  will  be  field  tested  at  the  Naval  Weap- 
ons Center,    China  Lake,    California.     Test  equipment  has  been  designed  and  built  to  calibrate  the 
laser  ranger  and  IR  sensor.     Boresighting  of  the  passive  IR  sensor,    laser  transmitter,    and  laser 
receiver  is  also  critically  important.     Boresighting  techniques  will  be  developed  and  tested  dur- 
ing the  summer  checkouts. 

[U]  An  advanced  projectile  signature  model  is  being  developed.     The  model  includes  the 

mortar-shell  infrared  self  emission  and  the  reflected  infrared  energy  originating  from  the  earth 
and  the  sky.  This  model  predicts  the  signature  as  a  function  of  mortar  type,  charge  level,  tra- 
jectory,   sky' radiance,    and  earth  radiance. 

[U]  A  statistical  analysis  of  the  utility  of  an  infrared  countermortar  system  has  been  per- 

formed.    The  model  utilizes  the  predicted  mortar  signature,    prototype  IR  countermortar  system 
specifications,    and  weather  statistics. 

[U]  Measurements  are  being  made  of  laser  radar  cross  sections  on  U.S.,    Soviet,    and  Chinese 

mortar  shells.     These  measurements  will  be  performed  with  a  heterodyne  COz  laser  radar  op- 
erating at  10.6  ^m. 

[U]  The  following  subsections  expand  on  the  efforts  in  each  of  these  areas. 

B.      PASSIVE   IR    FENCE 

(U]  The  passive  IR  fence  portion  of  the  countermortar  system  was  delivered  in  January  for 

field  experiments.     As  a  result  of  this  test,    several  hardware  and  software  modifications  have 
been  made.     One  of  the  more  important  hardware  modifications  was  the  inclusion  of  signal 
blanking  during  the  repositioning  of  the  mirror.     It  was  determined  that  when  the  background 
consisted  of  a  partly  cloudy  sky  there  was  a  possibility  of  overloading  the  postamplifier  cir- 
cuitry as  the  detector  FOV  passed  from  clear  sky  to  cloudy  sky.     Since  the  amplifiers  are  AC 
coupled  and  have  a  relatively  narrow_bandpass,    recovery  from  the  overloading  signal  took  an 
inordinate  amount  of  time. 
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TABLE  IV-1    [U) 
LASER  RANGER  SPECIFICATIONS   [U| 


Transmitter 

Nd:YAG  laser,  X  =  1.064  pn 

1-J,   15-nsec  pulse 

Four  bursts/15  sec;  each  burst  having  two  pulses 
separated  by  a  minimum  of  1  msec 

Beam  divergence  l.Omrad  X  2.  2  mrad  (or  0.5  mrad  X   1.1  mrad) 

Prism  scanned  in  azimuth 

Coupled  in  elevation  to  the  IR  fence 

Receiver 

Receiver  field  of  view,   174.5  mrad  X   l.Omrad 

Range  resolution,  20  m 

Dynamic  range,  40  dB 

Pulsewidth  discrimination  against  pulses    >   100  nsec 

Adjustable  min-max  range  gate 

Range-dependent  detection  threshold 

Capability  of  handling   16  target  returns/pulse 


elevation 
mirror 


OBJECTIVE 
LENS 


FIBER 
OPTICS 


IR  SENSOR 


Elevation 
pointing 

PRISM 


DETECTOR 

PREAMPLIFIER 

<X4) 


AZIMUTH,  ELEVATION,  ELEVATION    RATE 
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SCAN 
PRISM 


PRISM 
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ENCODER 


FIRE 
COMPARATOR 


4  1 

MUX 


FIRE    AOORESS 
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Fig. IV-1.     Laser  Ranger.     [U] 
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|U]  The. software  associated  with  the  control  and  use  of  the  IR  fence  has  been  completed. 

In  particular",    the  RMS  noise  and  DC  offset  calculations  program  has  successfully  operated. 
The  program  calculates  the  system  RMS  noise  and  DC  offset  for  each  infrared  channel.     The 
user  can  then  select  the  threshold  multiplier  and  set  the  threshold  circuit.     This  portion  of  the 
system  has  successfully  operated  by  limiting  the  false-alarm  rate  to  about  one  per  hour  (for 
this  case  S/N  =  6).     The  radiometric  program  is  also  operating  properly  with  a  graphic  plot  of 
the  digitized  mortar  signature  having  been  added. 

C.      LASER  RANGER . 

[U]  The  Nd:YAG  laser  ranger  signal  processing  has  been  defined  and  built  during  the  past 

six  months.     The  specifications  of  the  laser  ranger  are  listed  in  Table  rV-1.     A  block  diagram 
of  the  major  features  of  the  laser  ranger  is  shown  in  Fig.  IV-1.     The  laser  transmitter  is  pointed 
in  elevation  by  a  prism  which  is  mounted  on  the  same  shaft  used  by  the  elevation  mirror  of  the 
IR  fence  and  the  elevation  mirror  of  the  laser  receiver.     The  laser  beam  position  is  continuously 
scanned  in  azimuth  by  another  prism;    the  10°  field  is  scanned  once  per  msec.     Information  on 
the  beam  position  is  continuously  supplied  to  a  fire  comparator  circuit  and,    when  the  computer 
determines  that  a  valid  target  has  crossed  the  IR  fence  FOV,    a  fire  address  is  input  to  this 
comparator.     The  appropriate  laser  firing  time  is  computed  from  information  on  the  angular 
velocity  of  the  target,    the  position  of  the  scanner,    the  scanner  angular  velocity,    and  the  time 
delays  associated  with  the  firing  of  the  laser.     When  the  fire  address  and  the  position  of  the 
scanning  laser  beam  are  identical,    the  laser  is  fired. 

[U]  The  laser  receiver  utilizes  four  avalanche  photodiode-preamplifier  packages  with  fiber 

optics  in  the  focal  plane  to  obtain  the  unusual  174.5-  x  1-mrad  field  of  view.     A  multiplexer  is 
cued  by  the  IR  fence  to  switch  the  processing  electronics  to  a  single  detector  channel.     The 
signal  is  amplified  by  a  high-speed  logarithmic  amplifier  and  compared  to  a  threshold  which 
decreases  linearly  with  range.     After  thresholding,    the  signal  must  pass  pulsewidth  discrimina- 
tion and  min-max  range  gate  logic.     A  maximum  of  16  returns  per  pulse  can  be  stored.     The 
computer    selects  the   most  probable  range  based  on  the  range  of  velocities  of  mortar  shells 
and  previous  trajectory  information. 

[U]  Currently,    two  independent  control  programs,   based  on  two  different  techniques,    have 

been  developed  to  fire  the  laser.     The  first  waits  for  the  target  to  complete  the  crossing  of 
both  infrared  detectors  in  the  staring  array  and  fires  the  laser  at  an  appropriate  point  above  the 
second  IR  detector  FOV.     The  second  requires  only  one  crossing  and  fires  the  laser  at  the  be- 
ginning of  the  second  crossing  with  the  laser  beam  overlapping  the  FOV  of  the  second  IR  detector. 
The  first  technique  risks  missing  the  projectile  for  certain  trajectories.     This  is  caused  by  a 
limited  laser  beam  size  and  possible  errors  in  predicting  the  target  position  after  it  has  passed 
through  the  IR  detector  array.     The  second  technique  risks  missing  the  projectile  due  to  an  error 
in  determining  the  target  elevation  angular  velocity.     This  potential  error  is  based  on  relying  on 
the  beginning  of  the  second  IR  detector  crossing  to  provide  information  on  angular  rate.     Both 
techniques  will  be  tested  at  China  Lake. 
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5 

~     015 

< 


|IS-4-!796?| 

UHCLASSIFIED 

OBSERVED   DATA 

OT8KC0=273K'TSKr'270K 

CURVE   FIT  -  SOLID   LINE 

- 

<  =  APPARENT    EMISSIVITY 

'045 

- 

i- 

§-X__x______ 

i 

1                                1 

=  0  40 

1 

10  15 

ELEVATION    ANGLE   (deg) 


Fig.IV-3.     81 -mm  mortar  signature,   overcast  sky.    [U] 


32 


UNCLASSIFIED 


Confidential ! 


[U]  Several  additional  hardware  and  software  capabilities  have  been  added  to  insure  the  suc- 

cess of  the  field  experiments  planned  for  this  fall.     Among  these  additional  options  is  a  provision 
for  recording  the  laser  return  pulse  on  a  high-speed  storage  oscilloscope.     This  piece  of  data 
will  allow  laser  cross-section  measurements  to  be  performed  on  a  mortar  shell  in  flight.     The 
laser  receiver  electronics  also  includes  a  test-pulse  simulator  to  check  the  functioning  of  the 
laser  receiver.     Two  additional  options  have  been  added  to  minimize  the  chance  of  an  experi- 
mental failure  should  the  software  or  real-time  computer  control  experience  difficulties.    These 
provide  for  firing  the  laser  at  a  single  stare  position  by  manually  positioning  the  scanner  prism 
over  the  appropriate  IR  detector  FOV.     These  options  bypass  the  IR  digital  interface  and  the 
laser  scanner  interface  and  drive. 

D.      CAMP    EDWARDS    FIELD    EXPERIMENTS 

[C]  A  set  of  experiments  was  performed  at  Camp  Edwards,    Massachusetts.     The  experiments 

were  conducted  between  27  January  1976  and  17  March  1976.     These  tests  were  undertaken  by 
Lincoln  Laboratory  and  Philips  with  support  by  the  Tenth  Special  Forces  Group  and  the  Massa- 
chusetts Army  National  Guard.     The  tests  were  conducted  at  mortar-to-sensor  ranges  of  1.0, 
2.5,    and  5.0  km  under  a  wide  variety  of  sky  background  and  weather  conditions.     Mortar  signa- 
tures were  recorded  from  50  to  1000  m  out  of  the  tube  along  the  upleg  portion  of  the  trajectory 
and  from  500  to  100  m  prior  to  impact  along  the  downleg  portion  of  the  trajectory.     The  mea- 
surements were  performed  on  the  U.S.   81 -mm  HE  mortar  shell  (M374A2)  and  the  U.S.   4.2-in. 
HE  mortar  shell  (M329A1).     Over  200  shells  were  fired,    and  a  large  statistical  base  of  data  on 
the  mortar  signatures  exists. 

[C]  The  experimental  methodology  included  precalibration,    mortar  shell  signature  measure- 

ment, postcalibration,  measurement  of  the  sky  background  radiance,  and  recording  meteorological 
data.     Some  results  of  the  experiment  are  shown  in  Figs.IV-2  through  -7.     The  plots  IV-2  through 
-5  indicate  the  measured  change  in  radiant  intensity  as  a  function  of  elevation  angle.     The  depen- 
dence of  the  signature,   Al,   upon  the  apparent  sky  temperature  is  indicated  in  Fig.  IV-6.     It  was 
found  that  a  cloud  background  acts  as  a  blackbody  at  a  temperature  determined  by  the  ambient 
temperature,    the  cloud  height,    and  the  thermal  lapse  rate;    in  addition,    clear  skies  were  found 
to  have  infrared  radiance  which  had  a  strong  dependence  upon  elevation  angle.     This  dependence 
is  illustrated  inFig.IV-7.    The  larger  mortar  signature,  Al,  measured  against  clear  sky  is  an  in- 
dication of  an  increased  contrast  against  a  "cold"  sky  background.     Also  plotted  on  Figs.IV-2, 
-3,    -4,    and  -6  are  curve-fit  data  which  scale  the  mortar  signatures  measured  at  Aberdeen  and 
vary  the  apparent  shell  emissivity  to  match  the  data  measured  at  Camp  Edwards.     This  curve 
fitting  indicates  the  average  apparent  emissivity  of  the  4.2-in.   mortar  shell  is  between  0.4  and 
0.55  and  that  of  the  81 -mm  mortar  shell  is  between  0.25  and  0.45.     An  independent  measurement 
of  the  emissivity  of  the  81 -mm  mortar  shell  determined  the  value  to  be  0.4.     These  values   of 
emissivity  are  used  in  an  advanced  mortar-shell  signature  code  which  will  be  described  later. 

[C]  The  experiments  at  Camp  Edwards  proved  that  mortar  shells  can  be  detected  at  5  km 

and,    based  on  the  signature  obtained  at  5  km,   that  detection  could  have  been  performed  at  7  km 
under  similar  conditions. 
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E.  PREPARATIONS    FOR   THE    FIELD   TESTS   AT   THE 
NAVAL  WEAPONS   CENTER 

[UJ  An  extensive  set  of  checkouts  and  shakedown  tests   has   been  planned  to  determine  the 

performance  of  the  laser  ranger  receiver  and  IR  sensor.     In  addition,    calibration  of  both  sensors 
and  measurement  of  the  laser  transmitter  beam  parameters  are  planned.     The  stability  of  the 
platform  will  also  be  tested,    and  finally  a  test  of  the  fully  integrated  system  is  planned  by  utiliz- 
ing a  beam  "dump"  to  attenuate  the  laser  beam  by  60  dB  (for  safety  considerations)  and  ranging 
on  a  cooperative  target  at  a  distance  of  a  few  hundred  meters. 

[U]  Initial  planning  and  construction  of  field  alignment  and  calibration  sources  for  the  China 

Lake  tests  have  begun.     Plans  have  been  made  to  use  the  Tenth  Special  Forces  Group  once  again, 
and  a  safety  plan  has  been  formulated. 

F.  EMPIRICAL  MORTAR  INFRARED  SIGNATURE  MODEL 

(U]  The  signal  generated  by  the  passage  of  a  target  across  the  FOV  of  an  AC-coupled  IR 

detector  is  proportional  to  the  change  in  radiant  intensity,   Al,    in  the  FOV.     The  expression  for 
AI  is: 

passive        reflected        occulted 

where  I  .       is  the  emissive  radiant  intensity  of  the  mortar  shell,    I      f1  ,  is  the  combined 

passive  J  reflected 

earth  and  sky  reflected  radiant  intensity,   and  I  ,.     ,   is  the  equivalent  detector  FOV   back- 

J  J  occulted  ^ 

ground  radiant  intensity  occulted  by  the  target.     This  expression  can  be  rewritten  in  terms  of 
radiances: 

AI  ^  €A  L  +  RTF  (i  -  <•)  A  L        ..    -  A  L  ..     , 

passive  earth  occulted 

where    e    is  the  apparent  emissivity  of  the  optically  unresolved  target,   A   is  the  projected  area  of 
the  mortar  shell  on  the  plane  normal  to  the  observation  vector,  and  RTF  is  the  radiative  transfer 
function  which  relates  the  reflected  radiance  to  the  earth  radiance.     The  factor  RTF  depends 
upon  the  observation  vector,   the  position  of  the  mortar  in  the  sky,   and  the  relative  values  of 
earth  and  sky  radiances. 

[U]  By  utilizing  the  measurement  of  Al  obtained  during  the  Camp  Edwards  experiment,    the 

measurements  of  sky  and  earth  radiances,   and  a  model  for  RTF,   it  is  possible  to  calculate  the 
passive  portion  of  the  signature.     Once  the  passive  portion  of  the  signature  has  been  determined, 
then  the  model  can  be  used  to  estimate  target  signatures  under  a  wide  variety  of  ambient 
conditions. 

G.  OPERATIONAL  PROBABILITY  COMPUTER  CODE 

[U]  A  computer  code  has  been  compiled  to  couple  the  mortar  infrared  signature  and  atmo- 

spheric transmission  statistics  with  the  performance  specifications  of  the  present  IR  Counter- 
mortar  brassboard.     The  probability  for  a  95-percent  detection  utility  has  been  shown  to  thresh- 
old at  a  signal-to-noise  ratio  of  6    which  is  conditional  upon  the  magnitude  of  the  mortar -shell 
radiant  intensity  and  its  degree  of  degradation  by  atmospheric  attenuation  losses. 
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[U]  Weather  statistics  are  used  to  determine  the  8-  to  11.5-^m  transmission  from  photopic 

visibility  and  relative  humidity  from  the  HOWLS  IR  global  data  base.    The  reflective  component 
of  the  IR  mortar  signature  is  estimated   from  ambient   temperature  earthshine  and   sky  back- 
ground elevation  temperatures.     The  IFOV  sky  temperature  is  computed  from  the  statistical 
cloud  cover  and  probability  for  a  cloud-free  line  of  sight  (CFLOS)  as  a  function  of  elevation 
angle.     The  temperature  of  the  cloud  ceiling  is  calculated  from  the  assumed  temperature  lapse 
rate  of  the  atmosphere  with  altitude,   — 2°C  per  1000  m  elevation. 

[U]  Preliminary  IR  countermortar  system  operational  probability  curves  based  on  the  in- 

frared signatures  of  the  81 -mm  and  4.2-in.  mortar  shells  and  the  weather  statistics  of  Berlin, 
Germany  and  Cairo,    Egypt  are  shown  in  Fig.  IV-8.     It  should  be  noted  that  the  performance  of 
the  IR  countermortar  system  can  be  improved.     A  reduction  in  the  detector  field  of  view  and  an 
increase  in  the  size  of  the  collection  optic  could  further  extend  the  operational  range  of  this 
system. 

H.      PROJECTILE    CROSS-SECTION    MEASUREMENTS   AT    10.6  n-m 

[U]  General  Electric  is  completing  the  measurement  of  the  laser  radar  cross  section  on 

U.S.   and  Soviet  projectiles.     The  projectiles  include  U.S.  60-mm,    81-mm,    and  4.2-in.    mortar 
shells,    a  Chinese  60-mm  mortar  shell,    Soviet  82-,    107-,    and  120-mm  mortar  shells,    and  a 
Soviet  152-mm  howitzer  shell.     The  laser  cross   section  standards  which  are  used  as  references 
include  isotropic  spheres  and  a  diffuse-reflecting  (Lambertian)  plate.     A  10.6-jun,    CO^  hetero- 
dyne laser  radar  is  being  utilized  for  these  measurements. 
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IR    COUNTERMORTAR     OPERATIONAL     PROBABILITY 
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Fig.IV-8.     Operational  utility  of  IR  Countermortar  System.    (U] 


38 


Unclassified 


Unclassified 


V.     TWO-COLOR   IR    GUIDANCE   SENSOR 


INTRODUCTION 


[Ul  In  recent  years  several  types  of  terminal   homing  devices  have   been  developed;    these 

include  reticle  hot-spot  seekers  used  in  air-to-air  missiles  and  the  laser-designated  maneuver- 
able  shells  used  against  ground  targets.  The  two-color  guidance  sensor  program  represents 
one  of  the  early  attempts  to  develop  a  completely  autonomous  terminal  seeker  for  the  indirect- 
fire  tactical  scenario.  The  basic  concept,  which  has  been  discussed  at  length  in  previous  SATS 
reports,  involves  the  utilization  of  both  spatial  processing  and  two-dimensional  spectral  search 
algorithms  to  discriminate  between  the  passive  signatures  of  fired  artillery  pieces  and  both  nat- 
ural clutter  and  battlefield  fires. 

B.      THE  TWO-COLOR    EXPERIMENTAL   SENSOR 

(U|  The  construction  of  the  Two-Color  brassboard  was  completed  by  the  Martin  Marietta 

Corporation  in  late  1975,  at  which  time  a  series  of  roof-top  tests  was  initiated.     Background  data 
were  collected,    and  target  acquisition  runs  were  made  through  the  early  part  of  1976  with  the 
sensor  on  top  of  a  60 -ft  tower  in  Orlando,    Florida.     Three  focal  planes  were  utilized  for  data 
collection;   an  8-  to  10-,    10-  to  13-^m  pyroelectric  array,   an  8-  to  10-,    10-  to  13-^m  liquid- 
nitrogen-cooled  HgCdTe  detector  set,    and  a  3-  to  5-,    10-  to  13-^m  HgCdTe  combination.     The 
noise  equivalent  temperatures  for  these  systems  were  0.75°,   0.1°,    and  0.2°C,    respectively. 

[Ul  Some  of  the  results  of  the  background  measurements  study  are  shown  in  the  first  three 

figures.     Figure  V-l   is  a  24-hr  plot  of  the  scene  radiant  clutter  level  under  sunny  conditions  in 


Fig.V-1.     Sunny-day  data  HgCdTe 
focal  plane.     [U] 
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Fig.  V-2.     Overcast-day  data  HgCdTe 
focal  plane.     [U| 


Fig.  V-3.     Sun  obscuration.     [U] 
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Fig.  V-4.  Measured  detection  probability  of  targets  in  backgrounds 
(for  target  subtending  \  pixel  against  one  type  of  natural  background 
clutter).     [U] 
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the  3-  to  5-,    10-  to  13-nm  wavebands.     The  clutter  is  greatest  when  the  solar  radiation  is  stron- 
gest and  is  due  to  differences  in  the  solar  heating  rates  of  various  parts  of  the  field.     Although 
direct  solar  reflection  does  not  contribute  significantly  to  the  10-  to  13-jim  signal,   the  consis- 
tently higher  background  clutter  level  seen  in  the  3-  to  5-jim  region  can  be  attributed  in  part  to 
this  effect.     On  cloudy  days  a  much  smaller  midday  peak  is  observed  as  indicated  in  Fig.  V-2. 

[U)  The  observations  described  in  the  preceding  paragraph  apply  only  to  days  which  have  no 

clouds  or  on  which  full  cloud  cover  exists  all  day.     Under  partly  sunny  conditions,    short-term 
variations  occur  as  clouds  pass  between  the  sun  and  the  earth.     Figure  V-3  plots  the  change  of' 
the  clutter  level  over  a  20-min.    period  during  which  time  the  sun  was  visible  for  approximately 
10  min.     The  standard  deviation  of  apparent  temperature  of  the  scene  points  is  seen  to  change 
from  typical  cloudy-day  values  to  sunny-day  values  in  less  than  2  min.     Additional  measure- 
ments at  longer  ranges  are  necessary  to  determine  if  these  short  time  constants  are  typical  for 
European  conditions. 

C.     TARGET   ACQUISITION   RESULTS 

[Ul  The  most  useful  technique  for  establishing  a  probability-of-detection  estimate  for  a  given 

target-background  combination  involves  using  a  large  number  of  measured  target  signatures 
implanted  at  random  in  a  wide  variety  of  calibrated  background  data  scans.     This  Monte  Carlo 
approach  simulates  the  results  of  thousands  of  target  acquisition  runs  which  would  otherwise 
take  months  to  complete,    and  in  addition  allows  several  different  systems  to  be  compared  under 
completely  identical  conditions.     A  small,   but  significant  fraction  of  the  total  data  set  obtained 
during  the  experimental  sensor  testing  program  has  been  processed  in  this  manner,    and  the 
results  are  displayed  in  Fig.  V-4.     The  curves  which  are  plotted  in  this  figure  represent  the 
performance  of  the  three  different  two-color  focal  planes  which  were  studied  for  cloudy  and 
sunny  daytime  conditions.     The  increase  in  the  background  clutter  level  observed  on  sunny  days 
produces  the  expected  degradation  in  the  target  detection  probability,    and  the  advantage  of  the 
3-  to  5-,    10-  to  13-^.m  systems  over  the  cooled  8-  to  10-,    10-  to  13-|im  combination  is  evident. 
The  poorer  performance  of  the  pyroelectric  split  thermal  system  compared  to  the  correspond- 
ing HgCdTe  focal  plane  under  low  clutter  level  conditions  is  due  to  the  higher  noise  equivalent 
temperature  of  the  currently  available  pyroelectric  detector  packages. 

[Ul  The  effect  of  placing  false  targets  in  the  field  of  view  of  the  two-color  sensor  is  demon- 

strated by  Fig.  V-5.     Since  fires,    flares,   and  similar  items  emit  greater  fractions  of  their  total 
optical  energy  in  the  shorter  wavebands  than  do  graybodies,    a  system  employing  detectors  sen- 
sitive in  two  or  more  wavebands  should  be  able  to  discriminate  between  these  two  classes  of 
objects.     A  fire  viewed  by  the  split  thermal  system  shows  a  small  increase  in  short-wavelength 
energy  and  can  be  discriminated  against  more  easily  than  with  a  single-color  sensor,    although 
false  alarms  would  still  occur.     By  comparison,   the  fire  point  and  the  target  point  are  widely 
separated  in  two-color  space  for  a  3 -'to  5-,    10-  to  13-p.m  system  making  it  virtually  impossible 
to  mistake  a  battlefield  fire  for  a  tactical  target. 

[U]  To  summarize,    uncooled  pyroelectric  detectors  offer  good  target  discrimination  from 

natural  backgrounds  and  can  be  used  in  a  split-thermal  two-color  focal  plane  to  provide  a 
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significant  improvement  in  false-target  rejection  compared  to  a  single-color  system.  HgCdTe 
liquid  nitrogen  detectors,  when  used  in  3-  to  5-,  8-  to  13-|j.m  combinations  show  excellent  per- 
formance in  rejecting  both  background  clutter  and  false  targets  such  as  fires  and  flares. 

D.      FUTURE    EFFORT 

[U]  All  of  the  conclusions  drawn  to  date  have  been  based  on  test  results  performed  in  non- 

typical  background,    and  at  this  point  no  general  conclusions  can  be  drawn  regarding  clutter 
levels  and  thermal  time  constants  for  a  more  representative  environment.     This  condition  will 
be  remedied  in  the  next  test  phase  which  calls  for  the  experimental  brassboard  to  be  refurbished, 
ruggedized,    and  placed  in  a  van  complete  with  field  generator.     Beginning  toward  the  end  of  this 
year,    measurements  will  be  initiated  to  test  the  real-time  target  acquisition  capability  of  this 
instrument  in  three  different  terrain  conditions.     Full-size  simulated  targets  will  be  placed  at 
ranges  up  to  1  km  from  the  sensor.     When  available,   other  types  of  tactical  targets  such  as 
trucks,   tanks,   and  field  generators  will  be  measured  and  later  used  in  computer-generated  target 
acquisition  experiments. 
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E.      IR   WEATHER   ANALYSIS 

[Ul  Rand  weather  tapes  for  three   Russian  locations,    i.e.,    Kiev,    Novosibirsk,    and  Moscow, 

have  recently  been  obtained  to  increase  the  utility  of  the  HOWLS   IR  global  weather  data  base. 
The  present  tapes  are  being  processed  to  generate   probability  curves   for  synoptic   weather 
events,   photopic  visibility,   cloud  cover,   and  ceiling  heights.     In  addition,    plots  are  being  made 
available  of  the  IR  attenuation  losses  for  the  four  laser  lines  and  three  narrow  IR  bands  in  the 
1-  to  14-u.m  spectral  region.     Operational  probabilities  of  the  IR  passive  homing  and  IR  coun- 
termortar  system  are  currently  being  evaluated  for  this  Russian  weather  performance. 

[U]  An  updated  version  of  the  LOWTRAN  code  for  atmospheric  transmission  modeling  pro- 

vides new  data  on  the  8-  to  14-u.m  water  band  continuum.     These  changes  are  being  implemented 
to  improve  IR-transmission  calculations. 

[Ul  Preliminary  results  of  short-term  variability  of  cloud  ceiling  heights  and  photopic  visi- 

bility for  winter  North  Central  Eastern  European  weather  (Berlin)  and  Russian  weather  (Moscow) 
are  compared  in  Fig.  V-6. 


clouo  base  height  ano  slant  path 

attenuation  loss 
berlin,  germany 

JANUARY 

RAOlATlON    BANO    (8.0-11.5)  pm 


CLOUO    BASE    HEIGHT    AND    SLANT    PATH 

ATTENUATION    LOSS 
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JANUARY 
RAOlATlON     BANO    (8.0-11.5)  pm 


DATE 


Fig.  V-6.     Short-term  variability  of  cloud  ceiling  heights  and  photopic  visibility.     [Ul 
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FIELD  TEST  PLAN  FOR  IR 
PROJECTILE  SIGNATURE  MEASUREMENTS 
AT  CAMP  EDWARDS 


Dr.  William  E.  Keicher 
MIT/Lincoln  Laboratory 

10  February  1977 


1.0  Introduction 

Successful  tests  at  Camp  Edwards,  Massachusetts  and  the  Naval  Weapons 
Center  last  year  have  shown  that  an  infrared  mortar  locator  concept  is 
valid  (TT-6,  TT-16).  The  8-12um  infrared  sensor  used  in  those  tests  has 
been  modified  to  perform  IR  signature  measurements  on  artillery  projectiles 
In  addition,  a  3-5ym  sensor  has  been  added  to  the  sensor  head  and  will  be 
used  to  perform  IR  measurements  on  mortar  shells.  These  measurements  will 
be  conducted  at  several  ranges  with  a  variety  of  trajectories.  These 
measurements  will  be  used  to  determine  the  effectiveness  of  this  type  of 
system  when  employed  as  an  artillery  locator  and  will  extend  the  data  base 
on  mortar  signatures  to  the  3-5um  region. 


2.0  Objectives  of  the  Field  Test 

The  infrared  sensor  will  be  used  to  accomplish  the  following  objectives 

1)  Perform  radiometric  measurements  on  the  4.2  inch  mortar  shell  and  105mm 
artillery  shell  when  fired  at  various  charge  levels  and  range  geometries 

2)  Measure  sky  radiance. 


3.0     Location    of  the  Field  Tests 

The  tests  will  be  conducted  from  February  14,   1977  to  March  11,   1977 
at  Camp  Edwards,  Cape  Cod,  Massachusetts.     The  infrared  sensor  will  be 
located  at  Pine  Hill    (69841824)   and  it  will  observe  mortar  and  artillery 
firings   from  several  ranges.     The  two  primary  mortar  ranges  are: 

1)  D  range         69701862 

2)  C  range         69301914 
The  secondary  mortar  range  is : 

1)  A  range         69312076 
Artillery  will  be  observed  at  three  ranges.  These  are: 

1)  GP  8  70321620 

2)  GP  11  70831546 

3)  GP  16  69682292 

Calibration  equipment  will  be  maintained  at  two  sites.  For  the  ranges 
to  the  north  (D,  C,  A,  GP  16),  the  calibration  site  is  near  D  range  at  ^ 

69761869.  A  site  near  OP  2  at  70071753  will  be  used  for  ranges  GP  8  and 
GP  11. 

Note:  The  map  reference  is  Camp  Edwards,  Massachusetts  V8145. 


4.0  Test  Personnel 

Three  organizations  are  involved  in  the  field  test:  MIT/Lincoln 
Laboratory,  the  Tenth  Special  Forces  Group,  and  the  Massachusetts  Army 
National  Guard.  The  MIT  Lincoln  Laboratory  group  is  responsible  for 
directing  the  field  experiment,  operating  and  maintaining  the  infrared 
sensor  and  calibration  equipment  and  analysing  the  data.  The  MIT  Lincoln 
Laboratory  group  includes : 

Alfred  Gschwendtner 

Herbert  Kleiman 

Robert  Hull 

William  Keicher 

Wilfred  Veldkamp 

Henry  Zieman 

Elton  Merrill 

Dorothy  Sullivan 

William  Green 

Louis  Hirshberg 

The  Tenth  Special  Forces  will  assign  an  "A"  team  under  the  command  of 
MAJ  Kennedy.  This  team  will  fire  the  weapons  and  be  responsible  for  range 
safety. 

CFT  Mixon  of  the  Massachusetts  Army  National  Guard  will  monitor  range 
safety  procedures. 


5.0     Ammunition  and  Weapons 

5.1  Ammunition  * 

M329  Al  H.E.  4.2  inch  mortar  -  50  rounds 
Ml  H.E.  105mm  howitzer  -  150  rounds 

*  all  ammunition  will  use  M557  point  detonating  fuzes 

5 . 2  Weapons 

M30  4 . 2  inch  mortar 
M101  Al  105mm  howitzer 

5.3  Storage  and  Maintenance 

All  ammunition  will  be  drawn  as  needed  from  the  ammunition 
bunker  at  Camp  Edwards.  Weapons  will  be  secured  at  the  Pine  Hill 
site  with  24  hour  security  provided  by  the  Tenth  Special  Forces. 


6.0  Experiments 

6.1  Scenario 

The  first  experiment  utilizing  a  mortar  crew  is  described  in  the 
following  scenario: 

At  the  Pine  Hill  site: 

1)  IR  sensor  van  and  crew 

2)  Operations  van  and  crew 
At  D  range: 

1)  Mortar  crew  and  FDC  with  4.2  inch  mortar  and  15  mortar 
rounds  of  M329A1  H.E. 
At  the  calibration  site: 

1)  Calibration  crew  with  an  IR  source  on  a  thirty-five  foot 
mast. 
At  the  observation  posts: 

1)  OP  crew  observing  impact  point. 
Refer  to  D  range  experiment  SI  for  firing  and  observation  data.  Other 
scenarios  are  also  included. 

6.2  Pre -experiment  Checkout 

Before  beginning  an  experiment  a  calibration  and  alignment  check  of 
each  IR  sensor  will  be  performed.  This  procedure  includes: 

1)  Boresight  of  8-11. 75um  sensor  channel  19  with  sighting  telescopes 
in  the  MZ  (mirror  zero)  position. 

2)  Boresight  of  3-5ym  sensor  with  sighting  telescopes. 

3)  Recording  both  sensor  outputs  as  a  function  of  blackbody  temperature. 

4)  Positioning  sensor  head  to  the  specified  azimuth  and  initial 
elevation. 


P.  2 


6.3  Experimental  Procedure 

1)  Input  computer  parameters  -  "Parameters"  program. 

2)  Initialize  computer  -  "Initialize"  program. 

3)  Verify  simulated  trajectory  data. 

4)  Prepare  to  measure  detector  RMS  noise.  Maintain  radio  silence 
for  3  minutes. 

5)  Measure  RMS  noise  -  "Noise"  program. 

6)  Verify  RMS  noise  and  DC  offset  of  the  8-11. 75um  array. 

7)  Measure  projectile  thermodynamic  temperature. 

8)  One  minute  countdown  begins. 

9)  Start  "Operational"  program. 

10)  Tape  recorder  on  at  T-15  seconds. 

11)  Begin  array  stare  at  T-8  seconds. 

12)  Projectile  fired  at  T-0  seconds. 

13)  Record  and  reduce  data. 

14)  Prepare  for  next  measurement . 
6.4  Experimental  Data 

Experimental  data  will  be  recorded  in  the  format  of  the  following 
three  forms.  Raw  sensor  data  is  tape  recorded  along  with  a  sound  track.  Sensor 
output  will  also  be  displayed  in  real  time  on  oscilloscopes. 
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7.0  Range  Safety 

The  range  safety  officer,  as  designated  by  the  A, team  commander,  will 
be  responsible  for  weapon  range  safety.  His  duties  include  preparing  a 
safety  diagram  and  safety  card,  insuring  that  the  weapons  are  laid  and 
loaded  such  that  the  rounds  will  land  in  the  prescribed  impact  area,  and 
insuring  that  all  safety  precautions  are  observed  at  the  firing  point.  A 
detailed  description  of  his  duties  are  included  in  the  extract  copied  from 
FM  6-40.  Specific  range  safety  regulations  are  described  in  Camp  Edwards 
regulation  No.  385-63. 

No  civilian  personnel  will  be  permitted  at  the  firing  point  when  the 
weapons  are  being  fired. 
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CHAPTER  6 
DUTIES  OF  THE  SAFETY  OFFICER 


6-1.     General 

Safety  is  a  command  responsibility.  Under 
peacetime  conditions,  a  safety  officer  is  required 
to  assist  the  commander  in  accomplishing  this 
responsibility.  The  safety  officer  normally  should 
be  a  regularly  assigned  officer  of  the  battery  so 
that  there  will  be  no  divided  responsibility  be- 
tween battery  and  battalion  levels.  Proficiency 
in  the  functioning  of  the  safety  officer  should  be 
treated  in  the  same  light  as  proficiency  in  the 
functioning  of  the  battery  executive.  In  either 
case,  low  standards  dissipate  the  required  sense 
of  urgency  and  result  in  slow  firing.  The  safety 
officer  has  two  principal  duties.  First,  he  must 
insure  that  the  pieces  are  laid  and  loaded  so 
that  the  rounds,  when  fired,  will  land  in  the 
prescribed  impact  area.  Second,  he  must  insure 
that  all  safety  precautions  are  observed  at  the 
firing  point.  While  serving  as  safety  officer,  he 
will  not  be  assigned  other  duties.  Particularly, 

twill   not  be  required  to  check  the  accuracy 
he  gun  crews  except  to  insure  that  bursts  im- 
pact in  the  designated  impact  area. 

6-2.     Dutres  of  Safety  Officer  Before  Firing 

Before  firing  is  begun,  the  safety  officer  must — 

a.  Verify  that  the  safety  card  applies  to  the 
unit,  exercise,  date,  and  time. 

b.  Verify  that  the  battery  is  in  the  position 
specified  on  the  safety  card. 

c.  Prepare  a  safety  diagram. 

d.  Check  the  pieces  for  boresighting. 

e.  Verify  the  laying  of  the  battery. 

/.  Verify   the    minimum    quadrant   elevations 
determined  by  the  executive  officer.  The  safety 
officer  must  compare  the   executive's   minimum 
quadrant  elevation  with  the  quadrant  elevation 
(low-angle    fire)    for    minimum    range    on    the 
safety  diagram  and  use  the  larger  of  the  two  as 
the  minimum  quadrant  elevation. 
(/■  Supervise  the  placing  of  safety  stakes. 
h.  Verify  that  ammunition  to  be  fired  is  of  the 
tvPe  specified  on  the  safety  card. 
'•  Insure  that  the  chiefs  of  sections   are   in- 
formed of  the  maximum  and  minimum  quadrant 
•tions,   right   and   left  limits,  and   minimum 
.   settings. 


;.  Verify  that  range  clearance  has  been  ob- 
tained. 

k.  Ascertain  that  the  visible  portion  of  the 
range  is  clear  of  personnel. 

I.  Insure  that  Department  of  the  Army  regu- 
lations, post  regulations,  and  local  special  in- 
structions pertaining  to  safety  ai-e  complied  with. 

6—3.    Duties  of  Safety  Officer  During  Firing 

After  his  preliminary  checks  are  made,  the 
safety  officer  should  indicate  that  from  the  point 
of  view  of  safety  the  battery  is  ready  to  fire. 
During  firing,  the  safety  officer  will — 

a.  Verify  the  serviceability  of  ammunition. 

o.  Insure  that  the  charge,  projectile,  and  fuze 
being  fired  are  limited  to  those  prescribed  on  the 
safety  card. 

c.  Insure  that  rounds  are  not  fired  below  the 
minimum  quadrant  elevation  or  above  the  maxi- 
mum quadrant  elevation  for  the  charge  being 
fired. 

d.  Insure  that  rounds  are  not  fired  outside  the 
lateral  safety  limits. 

e.  Insure  that  time-fuzed  rounds  are  not  fired 
with  fuze  settings  below  the  minimum  fuze  set- 
tings prescribed  on  the  safety  diagram. 

/.  Instruct  the  executive  officer  not  to  fire 
until  the  safety  officer  has  given  a  positive  indi- 
cation that  it  is  safe  to  fire. 

g.  Command  UNSAFE  TO  FIRE  on  all  com- 
mands that  are  unsafe  to  fire  and  give  the  rea- 
sons therefor.  Two  examples  are — 

(1)  UNSAFE  TO  FIRE,  3  MILS  OUT- 
SIDE RIGHT  SAFETY  LIMIT  AND  20  MILS 
ABOVE  MAXIMUM  QUADRANT  ELEVA- 
TION. 

(2)  UNSAFE  TO  FIRE,  5  MILS  BELOW 
MINIMUM  QUADRANT  ELEVATION. 

h.  Apply  registration  corrections  to  the  safety 
limits  immediately  after  registration. 

i.  Report  accidents  and  malfunctions  of  am- 
munition to  the  officer  in  charge  of  firing,  re- 
quest an  ambulance(s)  if  needed,  and  be  prepar- 
ed to  make  a  report  as  indicated  in  AR  75-1. 

/.  Bring  to  the  attention  of  the  executive  of- 
ficer any  unsafe  conditions  observed  and  check 
firing  until  the  conditions  have  been   corrected. 
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Examples  of  unsafe  conditions  arc — 

(1)  Safety    features  of  piece   not  operable. 

(2)  Propellant  increments  exposed  to  flames. 

(3)  Personnel  smoking  near  pieces. 

(4)  Improper  handling  of  ammunition. 

(5)  Fuzes    and    projectiles   stored    together. 

(6)  Time  fuzes  previously  set  and  not  reset 
to  safe. 

(7)  Primer  inserted  before  the  breech  is 
closed  (separate-loading  ammunition). 

(8)  Failure  of  cannoneer  to  inspect  the  pro- 
pellant chamber  and  bore  after  each  round  fired. 

(9)  Failure  of  cannoneer  to  swab  the  pro- 
pellant chamber  after  each  round  of  separate- 
loading  ammunition  fired. 

6 — 4.     Misfire 

A  misfire  is  sometimes  the  result  of  a  mechanical 
failure  and  sometimes  the  result  of  a  human  fail- 
ure. Whatever  the  cause,  when  a  misfire  has  oc- 
curred, the  action  required  in  TM  9-1300-203 
must  be  observed. 
6—5.    Safety  Card 

a.  A  safety  card  prescribing  the  hours  of  fir- 
ing, the  area  in  which  the  firing  will  take  place, 
the  location  of  the  gun  position,  the  limits  of 
the  impact  area  (in  accordance  with  AR  3S5- 
63),  and  other  pertinent  data  is  approved  by  the 
range  officer  and  sent  to  the  officer  in  charge  of 
firing.  The  officer  in  charge  of  firing  gives  a  copy 
of  the  card  to  the  safety  officer,  who  constructs 
a  safety  diagram  based  on  the  prescribed  limits. 

b.  There  is  no  prescribed  format  for  the  safety 
card;  however,  the  format  shown  below  generally 
is  used. 

Safety  limits  for:  155-mm  how  M109,  sh  HE 
fz  M564,  M514,  M557, 

Type  of  fire:  low  angle. 

Firing  point:  SG32196586. 

Reference  point:  GN;  grid  az — approx: 
0. 

Left  limit:  Az  4730. 

Right  limit:  Az  5450. 

Minimum  range:  4,300  meters. 

Maximum  range:  8,000  meters. 

Special  instructions:  Use  only  chg  5  GB 
with  this  card.  From  az  4730  to  az 
5030,  maximum  range  is  7,000  meters. 

6-6.     Safety   Diagram 

a.  The  safety  officer,  on  receipt  of  the  safety 
card,  constructs  a  safety  diagram.  The  diagram 
need  not  be  drawn  to  scale  but  must  accurately 
list  the  piece  settings  which  delineate  the  impact 
area;  the  diagram  serves  as  a  convenient  means 
of  checking  the  commands  announed  to  the  gun 
crews  against  those  commands  which   represent 


the  safety  limits.  The  diagram  shows  the  right 
and  left  limits,  expressed  in  deflections  corres- 
ponding to  those  limits;  the  maximum  and  min- 
imum quadrant  elevations;  and  the  minimurr.  ' 
fuze  settings  (wlje  {^Applicable)  for  each  charg  L 
to  be  fired.  The  diagram  should  not  be  cluttered 
with  unnecessary  information.  Maximum  fuze 
settings  are  not  necessary,  since  a  projectile  fired 
with  too  great  a  fuze  setting  but  with  the  proper 
maximum  elevation  would  result  in  an  impact 
burst  within  safety  limits  for  range. 

6.  The  basic  safety  diagram  is  a  graphical 
portrayal  of  the  data  on  the  safety  card.  On  the 
basic  safety  diagram  are  shown  the  minimum, 
maximum,  and  intermediate  (if  any)  range  lines; 
the  left,  right,  and  intermediate  (if  any)  azi- 
muth limits;  the  deflections  corresponding  to  the 
azimuth  limits;  and  the  direction  in  which  the 
battery  is  laid.  The  safety  officer  determines  the 
deflection  limits  by  comparing  the  azimuth  on 
which  the  battery  is  laid  with  the  azimuth  limits 
and  applying  the  difference  to  the  referred  de- 
flection (3200  for  M100  series  sights). 

Example:  A  155-mm  howitzer  M109  bat- 
tery is  laid  on  azimuth  5100.  The  counter  reset 
deflection  is  3,200  mils.  The  safety  card  for  the 
position  occupied  is  that  shown  in  paragraph  6- 
56.  The  basic  safety  diagram  for  this  situation  I 
is  shown  in  figurevGVI. 

c.  Unless  a  registration  has  been  fired  and  coi  m^, 
rections  have  been  applied,  all  rounds  must  be 
fired  in  the  central  portion  of  the  impact  area. 


6—7.    Minimum   Quadrant  Elevation   (Low- 
Angle  Fire) 
The  minimum  QE  is  computed  for  each  author- 
ized charge.  The  minimum  QE  consists  of  the  fol- 
lowing elements: 

a.  Site  to  the  Highest  Point  on  Minimum 
Range  Line.  The  safety  officer  determines  the 
highest  point  on  the  minimum  range  line  by  plot- 
ting the  minimum  range  line  on  a  map  and  in- 
specting for  the  altitude  of  the  highest  point. 

Note.  If  an  isolated  peak  causes  an  unnecessary 
limitation  along  the  minimum  range  line,  a  separate  site 
is  computed  and  only  the  firing  in  the  immediate  area  o» 
the  peak  is  limited  by  the  minimum  quadrant  elevation 
determined  for  the  peak. 

b.  Elevation  for  Minimum  Range.  If  correc- 
tions are  known,  the  corrections  must  be  applied 
when  the  elevation  is  computed. 


6-8.    Minimum   Fuze  Setting   (Low-Angle  Fire) 
The  minimum  fuze  setting  for  time  fuzes  is  the 
fuze  setting  corresponding  to  the  elevation  for 
minimum    range=i£j&U5    the    fuze    correction    ( ^^ 
known).  The  minimum  fuze  setting  for  VT  fuzes' 


6-2 


F.Vi  6-40 


Rg     8000 


Az  5030 
Df   3270 


Az   4730 

Df  3570 


Az    5450 

Df   2850 


Figure  6-1.  Basic 

is  the  time  of  flight  corresponding  to  the  eleva- 
tion for  minimum  range  plus  5.5  seconds.  If  the 
sum  is  not  a  whole  number,  the  minimum  safe 
time  for  VT  fuzes  is  the  next  higher  whole  num- 

W9.    Maximum  Quadrant  Elevation  (Low- 
Angle  Fire) 

The  maximum  QE  for  each  authorized  charge  is 
the  sum  of  the  following  elements: 

a.  Site  to  the  Lowest  Point  on  the  Maximum 
Range  Line. 

b.  Elevation  for  the  Maximum  Range.  If  cor- 
rections are  known,  the  corrections  must  be  ap- 
plied when  the  elevation  is  computed. 

6—10.    Deflection  Limils 

After  a  registration  has  been  fired,  the  safety 
officer  must  correct  the  deflection  limits  of  the 
basic  safety  diagram  by  adding  the  total  deflec- 
tion correction  to  each  deflection  limit. 

6—11.    Sample  Problem 
a.  Prior  to  Registration. 
Given: 

Safety  card  (para  6-56). 
Basic  safety  diagram  (fig  6-1). 
Altitude  of  battery— 390  meters. 
Altitude  of  highest  point  at  minimum 

range — 411  meters. 
Altitude  of  lowest  point  at  maximum 

range  (right) — 405  meters. 
Altitude   of  lowest   point  at   maximum 
range  (left) — 410  meters. 


safety  diagram. 

Find: 

Minimum    QE,    minimum    fuze    setting 
(time),  and  maximum  QE. 
Solution: 

Minimum  QE: 

Altitude     of     highest 
point    at    minimum 

range 411  meters 

Altitude  of  battery  . .     390  meters 

Vertical  interval 4-21  meters 

Site  (+21/4300,  GST)      +5  mils 
Elevation     (charge    5 

green  bag,  GFT)  . .     196  mils 

Minimum  QE 201  mils 

Minimum  fuze  setting  for  fuze  M564 : 
Fuze     setting     corre- 
sponding   to    mini- 
mum elevation 13.4 

Minimum  fuze  setting  for  fuze  M514 : 
Time  of  flight  corre- 
sponding   to    mini- 
mum elevation  13.5 

+  5.5 


19.0 


Minimum  fuze  setting  for  fuze  M51J+  is 

19.0. 
Maximum  QE  (right  segment)  : 
Lowest      altitude      at 

maximum  range  405  meters 

Altitude  of  battery  390  meters 
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+  15 

meters 

+  2 

mils 

447 

mils 

449 

mils 

410 

meters 

390 

meters 

+  20 

meters 

+  3 

mils 

365 

mils 

368 

mils 

Vertical  interval 
Site  (+15/8000,  GST) 
Elevation     (charge    5 

green  bag,  GFT)  -  - 

Maximum  QE   

Maximum  QE  (left  segment) : 
Lowest     altitude      at 

maximum  range    . . 
Altitude  of  battery 

Vertical  interval 

Site  (  +  20/7000,  GST) 
Elevation    (charge    5 

green  bag,  GFT)  . . 
Maximum  QE 


6.  After  Registration 
Given: 

GFT  setting  GFT  A,  charge  5,  lot  XY, 
range  6,000,  elevation  315,  time,  20.4. 
Total  deflection  correction — right  8 
mils. 

Find: 

Minimum  QE,  minimum  fuze  setting, 
maximum  QE,  and  new  deflection 
limits. 

Solution: 

Minimum  QE : 

Site  to  highest  point  at 

minimum  range  ..         +5  mils 
Elevation   (GFT)    ..       208  mils 

Minimum  QE 213  mils 

Minimum  fuze  setting  for  fuze  M564 : 
Fuze  setting  at  mini- 
mum range  (GFT)  13.9 
Minimum  fuze  setting  for  fuze  M514 : 
Time  of  flight  corre- 
sponding 'to    eleva- 
tion 208 14.3 

+  5.5 


19.8 


Minimum  fuze  setting  for  fuze  M51U  is 

20.0. 
Maximum  QE  (right  segment) : 
Site  to  lowest  point  at 

maximum  range  .         +2  mils 
Elevation  (GFT)  .  .  482  mils 


Maximum  QE      484  mils 

Maximum  QE  (left  segment) : 
Site  to  lowest  point  at 

maximum  range  +3  mils 

Elevation   (GFT)  391  mils 


Maximum  QE 


391  mils 


Deflection  Limits: 

Inter- 
L"ft   mediate    Ri'jht 

Basic  deflection 

limits    3570     3270     285C  Y 

Total  deflection 

limits    R8       R8        R8 

New  deflection 

limits    3562     3262     2842 

Note.  Graphical  equipment  is  used  for  determining 
elevations,  sites,  and  fuze  settings  for  the  fuze  M564  when 
ranges  permit  its  use;  otherwise,  tabular  equipment  is 
used.  Data  are  determined  to  the  same  accuracy  a3  that 
for  firing. 

6—1 2.    Construction  of  Safety  Diagram  From 
Visible  Reference  Point 

Occasionally,  a  safety  card  will  specify  a  refer- 
ence point  instead  of  an  azimuth  and  will  specify 
the  lateral  limits  by  angular  measurements  right 
and  left  of  that  reference  point.  The  procedure 
for  preparing  the  safety  diagram  is  as  follows: 

a.  Use  the  following  information  from  the 
safety  card: 

Reference  point:  Blockhouse  Signal  Moun- 
tain. 

Left  limit:  350  mils  left. 
Right  limit:  200  mils  right. 

b.  After   the   pieces  have  been   laid  and    the 
collimators  ha^.  been   emplaced,   determine   the  u 
smallest  angle%Jt>etween  the  line  of  fire  and  the^ 
reference  point  by  using  the  az-muth  counter  on      \ 
the  panoramic  telescope  of  the  base  piece  as  an 
angle-measuring  instrument.    (Assume  that  the 
battery  has  been  laid,  the  collimator  has  been 
emplaced  at  deflection  2600,  and  an  angle  of  100 
mils  has  been  measured  from  the  line  of  fire  to 
the  reference  point  (fig  6-2).) 

Note.  Since  the  panoramic  telescope  measures  only 
clockwise  angles,  determine  those  angles  measured  to  the 
left  of  the  line  of  fire  by  subtracting  the  reading  on  the 
azimuth  counter  of  the  sight  from  3200  and  determine 
angles  measured  to  the  right  of  the  line  of  fire  by  sub- 
tracting 3200  from  the  reading  on  the  azimuth  counter  of 
the  sight.  In  this  example,  measuring  to  the  reference 
point  would  produce  a  reading  of  3100  (3200  minus  3100 
equals  100  mils). 

c.  Using  the  LARS  rule  (left,  add ;  right,  sub-  ; 
tract),  determine  the  proper  deflection  to  lay  the  ■ 
pieces  on  the  reference  point  (deflection  3200,  | 
left  100,  equals  deflection  3300) .  ! 

d.  Again  using  the  LARS  rule,  apply  the  right 
and  left  angular  measurements  from  the  refer- 
ence point  specified  on  the  safety  card  to  the 
deflection  required  to  lay  on  the  reference  point 
(fig  6-2).         '*,  W 

(1)   Left   limit:    From   deflection   3300,    left 
350  equals  deflection  3650. 
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Figure  6-2.  Safety  diagram  from  visible  reference  point. 
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Figure  6-3.  Safety  stake  diagram  based  on  basic 
safety  diagram. 

(2)  Right  limit:  From  deflection  3300,  right 
200  equals  deflection  3100. 

e.  If  the  reference  point  is  not  visible  because 
of  weather  conditions  and  the  azimuth  to  the 
reference  point  is  not  given  on  the  safety  card, 
the  safety  officer  must  compute  the  azimuth  by 
using  the  grid  coordinates  of  the  reference 
point.  The  pieces  may  then  be  laid  on  that  azi- 
muth or  on  any  other  convenient  azimuth. 

'6—13.    Special  Situations 

a.  High-Angle  Fire.  When  high-angle  fire  is 
employed,  the  safety  limits  are  computed  in  the 
following  manner: 

(1)  Maximum  quadrant  elevation.  The  max- 
imum QE  for  minimum  range  is  the  sum  of  the 
elevation  (to  the  nearest  mil)  for  minimum  range 
and  the  site  (to  the  nearest  mil)  to  the  highest 
Point  on  the  minimum  range  line. 

J  (2)  Minimum  quadrant  elevation.  The  mini- 
mi QE  for  maximum  range  is  the  sum  of  the 
'ation    (to    the    nearest    mil)    for    maximum 


range  and  the  site   (to  the  nearest  mil)    to  the 
lowest  point  on  the  maximum  range  line. 

(3)  Deflection  limits.  When  high-angle  fire 
is  employed,  the  deflection  limits  on  the  basic 
safety  diagram  are  always  modified  to  consider 
the  drift.  The  right  deflection  limit  is  moved  to 
the  left  by  the  amount  of  the  maximum  drift 
for  the  cannon  for  the  charges  within  the  range 
limits  to  be  fired.  The  left  deflection  limit  is 
moved  to  the  left  by  the  amount  of  the  minimum 
drift  for  the  cannon  for  the  charges  within  the 
range  limits  to  be  fired.  After  a  high-angle  reg- 
istration, the  deflection  limits  are  determined  in 
the  same  manner  and  are  further  modified  by  the 
amount  of  the  GFT  deflection  connection. 

b.  Illuminating  Projectile.  When  illuminating 
projectiles  are  employed,  the  safety  diagram  is 
computed  using  the  illuminating  tabular  firing 
tables.  The  procedures  are  the  same  as  those  used 
for  shell  HE  in  low  angle  fire  except  as  follows: 

(1)  The  range  fuze  function  column  is  used 
to  determine  the  minimum  quadrant  elevation 
and  the  minimum  fuze  setting. 

(a)  The  minimum  quadrant  elevation  is 
determined  by  lowering  the  height  of  burst,  in 
50  meter  increments,  to  the  highest  point  on  the 
minimum  range  line. 

(6)  The  minimum  fuze  setting  is  deter- 
mined in  the  same  manner  as  is  minimum  fuze 
setting  determined  for  shell  HE,  fuze  M564. 

(2)  The  range  to  impact  column  is  used  to 
determine  the  maximum  quadrant  elevation  to 
the  lowest  point  on  the  maximum  range  line. 

Note.  Tests  are  presently  being  conducted  to 
determine  the  debris  area  for  the  illuminating:  projectile. 
When  this  data  is  available  it  will  be  published  in  ap- 
propriate firing  tables. 

c.  Improved  Conventional  Munitions.  When 
improved  conventional  munitions  (ICM)  are  em- 
ployed, the  safety  diagram  is  determined  as  for 
shell  HE  in  low  angle  fire  except  as  follows: 

(1)  The  minimum  quadrant  elevation  is  de- 
termined by  adding  the  ICM  correction  for  QE 
to  the  minimum  QE  for  HE. 

(2)  The  maximum  elevation  is  determined 
using  the  range  to  impact  column  and  site  for 
shell  HE. 

(3)  The  minimum  fuze  setting  is  determin- 
ed by  adding  the  ICM  correction  for  fuze  setting 
to  the  minimum  fuze  setting  for  fuze  M564. 

6-14.    Safety  Stakes 

a.  Safety  stakes  are  visual  aids  that  mark  the 
lateral  safety  limits  for  each  piece.  The  stakes 
are  placed  approximately  10  meters  forward  of 
each  piece  along  the  lateral  limits  specified  on 
the  safety  card.   By  standing  to  the   rear  of  a 
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piece  and  glancing  along  the  tube,  the  safety 
officer  can  easily  see  whether  the  tube  is  pointed 
close  to  the  lateral  safety  limits.  When  the  tube 
approaches  the  limits,  the  safety  officer  makes  a 
careful  check  on  the  deflection  set  on  the  p:ece 
and  on  the  actual  lay  of  the  tube. 

6.  The  best  method  for  placing  safety  stakes 
is  to  traverse  the  tube  to  the  lateral  limits  and 
sight  through  the  tube  as  the  crewmembers  in- 
stall the  safety  stakes. 

c.  Another  method  for  placing  safety  stakes 
(fig  6-3)  is  as  follows:  Lay  the  tube  in  the  direc- 


tion in  which  the  battery  was  initially  laid.  From 
the  safety  card,  determine  the  angles  (right 
and  left)  from  the  direction  of  fire  to  the  right 
and  left  limits.  Using  the  reset  counter  on  the 
panoramic  telescope,  set  oft"  the  angles  from  the 
direction  of  fire  to  the  deflection  limits  and  aline 
the  safety  stakes  with  the  vertical  hairline. 

d.  For  inclosed,  self-propelled  weapons,  various 
aids  to  safety  are  used,  since  safety  stakes  cannot 
be  seen  from  the  piece.  One  method  is  to  mark 
with  chalk  the  deflection  limits  on  the  turret 
azimuth  scale.  The  unit  SOP  should  indicate  the 
approved  method  for  the  piece. 
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8.0  Transportation 

MIT/Lincoln  Laboratory  will  have  available  a  light  carry  all  truck. 
■      The  Special  Forces  will  utilize  two  2  1/2  ton  trucks. 
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9.0  Electric  Power 

Electric  power  is  available  at  the  Pine  Hill  site.  Two  120  VAC 
generators  rated  at  2.0  KW  and  1.5  KW  will  supply  power  to  the  calibration 
equipment . 


cum 
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10.0  Communications 

10.1  Radio  Nets 
Three  radio  nets  will  be  utilized  for  the  field  tests.  An  AM  net 

will  be  used  for  calibration  operations.  Two  FM  nets  will  be  used  during 
weapon  firings.  The  communication  equipment  available  includes: 

-  at  the  Pine  Hill  site 

AM  base  station  (5  watts) 
AN/PRC-77  FM  range  safety  net 
AN/PRC-77  FM  operations  net 

-  at  the  calibration  site 

AM  walkie-talkie  (5  watts) 

-  at  the  weapon  firing  point 

AN/PRC-77  FM  range  safety  net 
AN/PRC-77  FM  operations  net 

-  at  the  observation  posts  . 

AN/PRC-77  FM  operations  net 
MIT/Lincoln  Laboratory  will  provide  equipment  for  the  AM  net  and  two  AN/PRC-77 
radios  for  the  FM  nets;  the  Tenth  Special  Forces  will  provide  at  least  three 
AN/PRC-77  radios. 

-  Frequency  allocations 

AM  net 

primary  frequency     27.575  MHz 

secondary  frequency   27.585  MHz 
FM  range  safety  net       38.50  MHz 

10.2  Intercom 

An  intercom  will  be  maintained  between  the  operations  van  and  the 
infrared  sensor  truck. 

10.3  Telephone 

Telephone  service  will  be  provided  at  the  Pine  Hill  site. 


11.0  Miscellaneous 

11.1  Scheduling  of  Tests 

Test  schedules  will  be  determined  on  a  daily  basis. 

11.2  Security  Classification 

Raw  data  and  field  operations  are  unclassified.  Computed  results  and 
technical  performance  are  classified  confidential. 

11.3  Meterologic  Data 

Hank  Forrester  at  Otis  AFB,  extension  4194  can  provide  weather 
information. 
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ABSTRACT 
(U)   The  infrared  signatures  of  in  flight  US  4.2  inch,  105  mm  and  155  mm 
projectiles  were  measured  in  the  3.5-5.2ym  and  8-12ym  wavelength  regions. 
In  addition,  sky  radiance  was  measured  in  these  two  atmospheric  windows 
as  a  function  of  observation  elevation  angle  during  clear  and  overcast 
conditions.  This  information  is  used  to  describe  a  limited  signature 
model  valid  from  270  K  -  285  K  for  each  of  the  projectiles.  A  figure  of 
merit  combining  infrared  contrast,  infrared  detector  D,  and  atmospheric 
transmission  is  described  and  two  systems  operating  in  these  wavelength 
intervals  are  compared  in  four  weather  scenarios . 


in 


Unclassified 


• 


< 


Unclassified 


CONTENTS 

ABSTRACT 

iii 

LIST  OF  TABLES 

vi 

LIST  OF  FIGURES 

vii 

1 .   INTRODUCTION 

1 

2.  MEASUREMENT  SYSTEMS 

2 

3.  THE  EXPERIMENTS 

10 

4.  THE  INFRARED  SIGNATURES 

18 

5.   INFRARED  CONTRAST  AND  SYSTEM  PERFORMANCE 

35 

6 .  CONCLUSIONS 

41 

ACKNOWLEDGMENTS 

43 

REFERENCES 

44 

Unclassified 


Unclassified 


LIST  OF  TABLES 


Table 

1. 

Table 

2. 

Table 

3. 

Table 

4. 

Table 

5. 

Table 

6. 

Table 

7. 

Table 

8. 

Table  9. 


8-12ym  Radiometer  Specifications.  8 

3.5-5.2um  Radiometer  Specifications.  9 

Projected  Areas  as  a  Function  of  Aspect  Angle  for  the     14 
US  M529A1  4.2  inch  Mortar,  the  US  Ml  105  mm  Howitzer 
and  the  US  M107  155  mm  Howitzer  Projectiles. 

Calibration  Equation  Coefficients  for  the  Radiometers     19 
Used  in  the  Field  Experiment. 

Infrared  Signature  Models  of  Mortar  and  Artillery        31 
Projectiles. 

Four  Weather  Scenarios  and  their  Associated  Atmospheric   37 
Transmissions  in  the  8-12um  and  3.5-5.2um  Wavelength 
Regions . 

The  Infrared  Contrast  of  the  4.2  inch  and  155  mm        38 
Projectiles  in  Four  Weather  Scenarios. 

Infrared  System  Figure  of  Merit  for  a  Range  of  1000  m     39 
for  Four  Weather  Scenarios . 

Infrared  System  Figure  of  Merit  for  a  Range  of  7000  m     40 
for  Four  Weather  Scenarios . 


VI 


Unclassified 


Unclassified 


LIST  OF  ILLUSTRATIONS 

Fig.  1.   The  multichannel  8-12ym  radiometer.  3 

Fig.  2.   The  single  channel  3.5-5.2um  radiometer.  5 

Fig.  3.   Projected  IFOV  of  the  "two-color"  IR  sensor  system.  6 

Fig.  4.   Two-color  infrared  sensor  system.  The  system  on  the       6 
left  is  the  8-12ym  radiometer.  The  Cassegrain  optic  of  the 
3.5-5.2um  is  visible  in  the  center  of  the  sensor  head.  The 
flat  elevation  mirror  below  the  Cassegrain  optic  was  not  used. 

Fig.  5.   The  modified  single  channel  8 -12pm  radiometer.  7 

Fig.  6.   Infrared  sensor  truck.  The  sensor  head  inside  is         11 
vibration  isolated  from  the  suspension  system  of  the  truck. 

Fig.  7.   The  location  of  the  field  experiments.  Gun  ranges        11 
GP  8,  GP  24  and  D  range  are  indicated  along  with  the  direction 
of  fire  of  the  weapons.  Calibration  sites  BB1,  BB2  and  BB3 
and  the  infrared  sensor  site  are  also  shown. 

Fig.  8.   The  US  M30  4.2  inch  mortar  being  fired  by  members  of      13 
the  US  Army  10th  Special  Forces. 

Fig.  9.   The  US  M101A1  105  mm  howitzer.  13 

Fig.  10.  The  US  M114A1  155  mm  howitzer.  13 

Fig.  11.  The  high  explosive  projectiles  utilized  during  the        17 
infrared  signature  experiments. 

Fig.  12.  The  calibration  source  mounted  on  a  tower  at  site  BB3.     17 

Fig.  13.  The  8-12jjm  infrared  contrast  of  the  105  mm  howitzer       22 
projectile.  The  positive  and  negative  pulses  are  characteristic 
of  the  output  of  the  differentially  summed  pair  of  infrared 
detectors.  The  parameters  are:  3/8/77,  run  #82,  charge  3, 
ambient  temperature  280.2  KK. elevation  angle  1°,  apparent  sky 
temperature  275.8  K,  range  2127  m. 

Fig.  14.  The  3.5-5.2ym  infrared  contrast  of  a  4.2  inch  mortar      22 
projectile.  The  parameters  are:  3/3/77,  run  #54,  charge  19  7/8, 
ambient  temperature  285.8  K,  elevation  angle  3°,  apparent  sky 
temperature  282.8  K,  range  335  m. 


VI 1 


Unclassified 


Unclassified 


Fig.  15.  Dual  trace  illustrating  near  simultaneous  measurement      22 

of  the  8-12um  (upper)  and  3.5-5.2ym  (lower)  infrared  contrasts 

of  a  155  mm  howitzer  projectile.  The  8-12ym  pulse  originates 

from  the  modified  8-12um  radiometer.  The  parameters  are:  3/24/77, 

run  #238,  charge  1  GB,  ambient  temperature  277.4  K,  elevation 

angle  1°,  apparent  sky  temperature  (8-12um)  268.9  K,  apparent 

sky  temperature  (3.5-5.2ym)  277.4  K,  range  902  m. 

Fig.  16.  The  8-12um  apparent  sky  temperature  for  a  low  overcast     27 
sky.  The  sensor  was  pointed  in  an  easterly  direction.  The  cloud 
type  is  stratus  at  an  altitude  of  100  m. 

Fig.  17.  The  8-12um  apparent  sky  temperature  for  a  clear  sky.       27 
The  sensor  was  pointed  in  a  northerly  direction. 

Fig.  18.  The  3.5-5.2um  apparent  sky  temperature  of  a  clear  sky. 
The  sensor  was  pointed  in  a  northerly  direction. 


vm 


28 


Fig.  19.  The  8-12um  apparent  sky  temperature  of  cumulus  cloud       28 
bases  and  clear  sky.  The  sensor  was  pointed  in  an  easterly 
direction. 

Fig.  20.  The  8-12ym  apparent  sky  temperature  of  cumulus  and        29 
altostratus  clouds.  The  sensor  was  pointed  in  a  southwesterly  I 

direction. 

Fig.  21.  The  3.5-5.2um  apparent  sky  temperature  of  cumulus  and      29 
altostratus  clouds.  The  sensor  was  pointed  in  a  southwesterly 
direction. 

Fig.  22.  The  8-12um  signature  of  the  US  M329A1  4.2  inch  HE         32 

mortar  projectile.  The  propel lant  charge  is  19  7/8  without 

extender. 
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Fig.  25.  The  3.5-5.2um  signature  of  the  US  Ml  105  mm  HE  33 

howitzer  projectile.  The  propellant  charge  is  2. 
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Fig.  27.  The  3. 5-5. 2\m   signature  of  the  US  M107  155  mm  HE  howitzer    34 
projectile.  The  propellant  charge  is  1  GB. 
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1 .  INTRODUCTION 

(C)   Under  the  DARPA  sponsored  Hostile  Weapons  Location  System  (HOWLS) 
program  Lincoln  Laboratory  has  been  pursuing  the  concept  of  an  infrared 
mortar  location  system.  The  basis  of  this  program  has  been  a  projectile 
tracking  concept,  in  which  angular  trajectory  information  is  provided  by 
passage  of  the  mortar  round  through  a  row  of  staring  infrared  detectors, 
and  range  then  provided  by  a  cued  laser  ranger.  This  concept  of  infrared 
mortar  location  has  been  successfully  demonstrated  at  the  Naval  Weapons 
Center,  with  a  brassboard  that  utilized  a  staring  array  of  HgCdTe  PC 
detectors  operating  in  the  8-1 2pm  region.  This  array  detected  the  pro- 
jectile and  provided  azimuth  and  elevation  data  on  the  trajectory  of  the 
projectile.  Projectile  range  information  was  provided  by  a  Nd:YAG  laser 
ranger.  An  on-line  minicomputer  processed  the  trajectory  information  and 
predicted  the  position  of  the  mortar  tube. 

(C)   Following  the  success  of  this  system  in  locating  mortar  tubes,  it 
was  decided  to  examine  the  infrared  signature  of  artillery  rounds  to 
determine  if  this  same  concept  could  serve  as  an  artillery  location  system. 
In  addition,  the  results  of  recent  studies  have  (1) ,  (2)  indicated  that 
certain  advantages  might  be  obtained  by  detecting  the  signature  of  the 

* 

projectile  in  the  3- 5pm  atmospheric  window.  Therefore,  IR  signature 
measurements  were  made  at  3 -Sum  and  8 -12pm  on  the  US  4.2  inch  mortar  pro- 
jectile and  the  US  105  mm  and  155  mm  artillery  projectiles. 
(U)   The  field  experiments  were  conducted  at  Camp  Edwards,  Massachusetts 
from  February  14,  1977  to  March  25,  1977.  Infrared  signature  measurements 
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were  performed  on  more  than  240  projectiles  at  ranges  of  from  335  meters  to 
2100  meters.  The  data  include  system  calibrations,  projectile  signatures 
and  sky  radiance  measurements  in  the  two  atmospheric  windows,  ambient  tem- 
perature, relative  humidity,  photo-visibility,  cloud  types  and  cloud  ceiling. 
These  measurements  have  been  analyzed  and  a  simple  model  has  been  derived  to 
explain  the  projectile  signatures.  This  report  describes  the  equipment,  the 
experiments  and  the  simple  model  used  in  the  analysis. 

2.  MEASUREMENT  SYSTEMS 

(U)   Radiometric  measurements  were  performed  in  the  8-12ym  and  3.5-5.2ym 

wavelength  intervals.  Three  systems  were  utilized  in  these  measurements 

viz:  (1)  8-12ym  multi  detector  radiometer  (2)  3.5-5.2um  radiometer  (3)  8-12ym 
single  detector  radiometer. 

(U)   The  8-12ym  radiometer  which  was  used  in  the  previous  measurements 
(TT-16)  is  shown  in  block  diagram  in  Figure  1.  This  8-12pm  radiometer 
Constructed  by  the  MA.GIEC  Division  of  Magnavox  Corporation)  can  be  controlled 
by  an  integrated  minicomputer  to  perform  radiometric  measurements  at  several 
positions  along  the  trajectory.  In  this  series  of  experiments,  however,  the 
computer  was  not  used  to  control  the  8-12um  radiometer  because  the  3.5-5.2ym 
radiometer  was  not  linked  tp  the  computer.  The  computer  was  used  off  line 
to  calculate  trajectory  positions  for  manual  control  of  the  radiometers. 
(U)   The  8-12ym  radiometer  in  Figure  1  utilizes  a  dual,  linear,  horizontal 
array  of  eighty  HgCdTe  photoconductive  detectors.  The  upper  and  lower 
detectors  are  differentially  summed  to  produce  forty  signal  channels.  Only 
twenty  six  pairs  of  detectors  were  active  because  of  detector  array  defects. 
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The  optical  signal  is  chopped  at  2000  Hz  to  form  an  amplitude  modulated 
signal  processor.  The  optical  modulator  is  used  to  shift  the  optical  base- 
band signal  out  of  the  1/f  noise  region  of  the  HgCdTe  detectors  (1/f  knee 
at  ^  1000  Hz).  After  preamplification,  the  signals  are  demodulated  and 
passed  through  a  variable  low  pass  filter.  The  baseband  output  signals  from 
ten  channels  in  the  center  of  the  array  are  recorded  by  a  wide  band 
(DC- 20000  Hz)  FM  tape  recorder.  In  addition,  the  output  signals  from  the 
low  pass  filter  array  are  time  multiplexed  at  a  rate  of  137us  per  frame. 
The  multiplexed  output  is  then  displayed  on  an  oscilloscope.  The  analog  and 
digital  interface  circuits  beyond  the  multiplexer  were  not  used.  The 
electro-optical  specifications  for  this  radiometer  are  listed  in  Table  1. 
(U)   The  3.5-5.2um  radiometer  shown  in  Figure  2  was  used  simultaneously 
with  the  8-12um  system.  This  system  employs  a  single  photovoltaic  HgCdTe 
detector  boresighted  to  the  lower  detector  in  channel  19  of  the  8-12um 
radiometer  (Figure  3) .  In  order  to  further  define  the  signature  and  to 
minimize  the  effect  of  sun  glints,  an  optical  filter  with  a  bandpass  of 
3.5-5.2um  was  inserted  between  the  reflective  optical  system  and  the  infrared 
detector.  The  chopper  wheel  was  stopped  during  projectile  signature  measure- 
ments and  the  signal  was  amplified  and  recorded  baseband  on  the  FM  tape 
recorder.  In  addition,  the  baseband  signal  was  low  pass  filtered  by  a 
matched  filter  and  compared  to  a  threshold  set  at  eight  times  the  magnitude 
of  the  RMS  noise  voltage.  A  threshold  crossing  caused  an  LED  to  light. 
This  circuit  monitor  permitted  the  system  operator  to  observe  the  multiplexed 
display  of  the  8-12um  radiometer  for  projectile  crossings.  The  specifications 
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Fig.  4.  Two-color  infrared  sensor  system.  The  system  on  the  left 
is  the  8-12um  radiometer.  The  Cassegrain  optic  of  the  3.5-5.2ym 
is  visible  in  the  center  of  the  sensor  head.  The  flat  elevation 
mirror  below  the  Cassegrain  optic  was  not  used.   (XI) 
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TABLE  1  (U) 
8-12um  RADIOMETER  (U) 
Optics 

F/0.8  Germanium  Triplet 
Field  of  View  4.9° 
Detector  IFOV  2  mr  x  0.33  mr 
Blur  circle   0.31  mr 
Focal  length  16.8  cm 
Diameter     21  cm 

Detectors 

Photoconductive  HgCdTe  detectors 

DA*  2  x  1010  cm  Hz1/2/W 

Dual  horizontal  row  of  40  detectors/row 

Row  Separation  2.26  mr 

Detector  Size  3.35  x  10"2  x  5.59  x  10~3  cm 

Detector  Area  1.87  x  10   cm 

Operating  Temperature  77K 

Signal  Processing  Technique 

Carrier  system  (2  KHz  carrier) 

Detector  outputs  are  summed  differentially 


' 
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TABLE  2   (U) 
3.5-5.2ym  RADIOMETER  (U) 


Optics 

F/2.8  Cassegrain 

Field  of  View  1.65  mr 

Detector  IFOV  1.65  mr 

Blur  circle  <0.5  mr 

Focal  length  20  cm 

Diameter  7.14  cm 


Detector 


Photovoltaic  HgCdTe  detector 

*       If)     1/2 
Dx   7  x  10   cm  Hzx/VW 

-2 
Detector  Size  3.3  x  10   cm 

-4   2 
Detector  Area  8.6  x  10   cm 

Operating  Temperature  77K 


Signal  Processing  Technique 
Baseband  system 
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for  the  3.5-5.2um  radiometer  are  listed  in  Table  2. 

(U)   Most  of  the  data  presented  in  this  paper  was  collected  using  the  two 
radiometers' as  a  combined  two  color  infrared  sensor.  This  configuration  is 
shown  in  Figure  4.  The  remaining  data  in  the  8-12um  region  was  measured 
using  the  upper  detector  of  a  single  channel  (channel  19)  in  the  8-12um  PC 
detector  array.  The  advantages  of  this  radiometer  (Figure  5)  included  a 
larger  dynamic  range  and  a  wider  signal  bandwidth.  Therefore,  for  targets 
that  were  relatively  close  (335  m) ,  this  radiometer  minimized  distortion  of 
the  projectile  signature.  This  sensor  operated  as  a  baseband  system  in  a 
manner  similar  to  the  3.5-5.2ym  radiometer. 

(U)   The  equipment  shown  in  Figure  4  was  mounted  on  a  vibration  isolated 
platform  which  was  located  in  a  small  truck  (Figure  6) .  The  truck  was 
linked  to  a  communications  van  by  intercom  and  also  monitored  a  radio  net 
used  during  system  calibrations.  The  communications  van  controlled  radio 
nets  linked  to  the  gun  position  and  the  calibration  station.  The  Camp 
Edwards  range  safety  net  was  also  monitored. 

3.  THE  EXPERIMENTS 

(U)   The  field  experiments  were  performed  at  Camp  Edwards,  Cape  Cod, 
Massachusetts  from  February.  14  to  March  25,  1977.  The  infrared  sensor 
system  was  located  on  Pine  Hill  near  a  former  Naval  communications  center 
site.  The  infrared  sensor  was  able  to  observe  cannon  firings  at  three 
gun  positions:  D  range,  GP  8  and  GP  24  (see  Figure  7).  Terrain  masking 
limited  the  observations  to  a  minimum  angle  of  3  for  D  range  and  0  at 
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Fig.  6.  Infrared  sensor  truck.  The  sensor  head  inside 
is  vibration  isolated  from  the  suspension  system  of  the 
truck.   (U) 


Fig.  7.  The  location  of  the  field  experiments.  Gun  ranges 
GP  8,  GP  24  and  D  range  are  indicated  along  with  the  direc- 
tion of  fire  of  the  weapons.  Calibration  sites  BB1,  BB2  and 
BB3  and  the  infrared  sensor  site  are  also  shown.  (U) 
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GP  8  and  GP  24.  The  cannons  were  in  defilade  for  the  entire  experiment  and 
were  fired  at  a  quadrant  elevation  of  60  (high  angle  fire)  in  order  to 
maximize  the  area  of  the  shell  observed.  Range  safety  limited  the  range  of 
the  projectile  and, therefore ,  the  propellant  charge  during  the  firings.  The 
artillery  pieces  were  fired  essentially  as  mortars,  that  is,  at  a  relatively 
low  muzzle  velocity  and  at  a  high  angle  of  fire. 

(U)   The  weapons  used  during  the  experiment  included  the  US  M30  4.2  inch 
mortar  (Figure  8) ,  the  US  M101A1  105  mm  howitzer  (Figure  9)  and  the  US 
M114A1  155  mm  howitzer  (Figure  10) .  The  mortar  was  furnished  by  the  US 
Army  Reserve  while  the  Massachusetts  Army  National  Guard  provided  the  105  mm 
and  155  mm  howitzers.  The  weapons  were  operated  by  an  A  team  from  the  US 
Army  10th  Special  Forces  Group  based  at  Ft .  Devens ,  Massachusetts  while  the 
National  Guard  was  responsible  for  range  safety  during  the  experiment. 
(U)   Two  color  infrared  signature  measurements  were  performed  on  the  US 
M329A1  4.2  inch  mortar  shell,  the  US  Ml  105  mm  howitzer  shell,  and  the  US 
M107  155  mm  howitzer  shell.  These  projectiles  are  shown  in  scale  in  Figure 
11.  As  stated  above,  the  experiments  were  designed  to  maximize  the  cross 
sectional  area  observed  by  the  infrared  sensor.  The  cross  sectional  areas 
of  the  projectiles  as  a  function  of  aspect  angle  (angle  measured  from  the 
nose  of  the  projectile)  are  indicated  in  Table  3.  If  during  the  experiment, 
the  measurement  was  performed  "at  an  angle  other  than  90°,  the  signature,  as 
presented  in  this  report,  was  normalized  to  a  90  aspect  angle. 
(U)   The  infrared  radiometers  were  calibrated  by  measuring  the  peak  to 
peak  voltage  produced  by  viewing  a  periodically  chopped  (90  Hz)  blackbody  at 
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IftftfUSI) 


Fig.  8.  The  US  M30  4.2  inch  mortar 
being  fired  by  members  of  the  US 
Army  10th  Special  Forces.   (U) 


Fig.  9.  The  US  ML01A1  105  mm 
howitzer.   QJ) 


Fig.  10.  The  US  M114A1  155  mm 
howitzer.   (TJ) 
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TABLE  3   (U) 

PROJECTED  AREA  AS  A  FUNCTION  OF  ASPECT  ANGLE  FOR  THE 
US  M329A1,  4.2  INCH  MORTAR  PROJECTILE  OJ) 

2 


Aspect  Angle, 

degrees 

Projected  Area,  cm 

0 

89 

10 

96 

20 

193 

30 

259 

40 

318 

50 

366 

60 

404 

70 

430 

80 

442 

90 

441 

PROJECTED  AREA  AS  A  FUNCTION  OF  ASPECT  ANGLE  FOR  THE 

US  Ml,  105mm  HOWITZER  PROJECTILE  (U) 

Aspect  Angle,  degrees  Projected  Area,  cm 

0  86 

10  79 

20  175 

30  239 

40  296 

50  344 

60  382 

70  408 

80  421 

90  422 


( 
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TABLE  3  Continued  (U) 

PROJECTED  AREA  AS  A  FUNCTION  OF  ASPECT  ANGLE  FOR  THE 
US  M107,  155mm  HOWITZER  PROJECTILE  (U) 


Angle,  degTees 

2 
Projected  Area,  cm 

0 

188 

10 

154 

20 

358 

30 

489 

40 

605 

50 

703 

60 

780 

70 

833 

80 

861 

90 

862 
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a  known  range.  The  calibration  source  was  capable  of  maintaining  a  differ- 
ential temperature  of  approximately  100  C  over  an  area  of  62  cm  .  The 
temperature  of  the  source  and  the  chopper  blade  temperature  were  monitored 
by  thermistors.  The  source  was  enclosed  in  a  box  and  mounted  on  an  extend- 
able tower  (Figure  12) .  Initial  boresighting  of  the  two  radiometers  and 
calibration  was  performed  with  the  calibration  source  at  BB1  (see  Figure  7) 
which  is  at  a  range  of  335  meters.  Additional  calibrations  were  performed 
at  BB2  while  site  BB3  was  used  only  to  insure  boresight  for  the  experiments 
at  GP  24. 

(U)   The  calibration  curves  were  derived  by  determining  the  change  in 
radiant  exitance,  AM,  produced  by  the  movement  of  the  chopper  blade'  at 
temperature,  T  across  the  heated  source  at  temperature,  T  .  The  radiant 
exitance,  M,  is  the  integral  of  Planck's  function  over  the  wavelength 
interval. 


(1) 


M(X,T)   - 

=  2tt 

XS 

dA 
,ch/X  kT 

1) 

AM  = 

■-  M 
s 

-  M 
c 

(2) 


The  change  in  radiant  exitance  was  converted  into  a  change  in  irradiance, 
AE,  as  seen  at  the  aperture  of  an  optical  system  a  distance  R  away  and 
with  atmospheric  transmission,  xA 
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Fig.  11.  The  high  explosive  projec- 
tiles utilized  during  the  infrared 
signature  experiments.   (U) 


155mm 
M107 


105mm 
Ml 


|U-5-T590-l| 
UNCLASSIFIED 


4.2  in. 
M329A1 


Fig.  12.  The  calibration 
source  mounted  on  a  tower 
at  site  BB3.      (U) 
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A  M  A  t.      2 
AE  =  7R     w/cm  (3) 

2 
where  A  =  62  cm  ,  the  area  of  the  source.  This  expression  is  valid  for  an 

unresolved  target  (3) .  This  was  the  case  for  measurements  at  BB1  and  BB2 . 

Atmospheric  transmission  along  the  path  R  was  calculated  by  measuring  the  air 

temperature,  dew  point  and  photopic  visibility  during  the  calibration 

measurement.  The  transmission  calculation  involved  the  use  of  the  LOWTRAN 

Ilia  computer  code.  The  calibration  curves  were  derived  by  least  squares 

fitting  a  power  law  of  the  form: 

AE  =  a  Vb  w/cm2  (4) 

(where  V  =  peak  to  peak  voltage)  to  the  data.  Calibrations  of  each  of  the 
recorded  infrared  channels  were  performed.  The  calibration  equation  co- 
efficients are  listed  in  Table  4.  The  b  coefficients  (power  coefficients) 
are  very  close  to  one  thus  indicating  good  system  linearity. 

4.  THE  INFRARED  SIGNATURES 

(U)   All  of  the  infrared  radiometers  used  in  these  experiments  are  AC 

coupled,  that  is  they  do  not  respond  to  non  time  varying  radiances  but  only 

to  changes  in  radiance,  or  radiant  intensity.  The  recorded  measurements 

represent  the  infrared  contrast  presented  by  the  target  (4) ,  (5) . 

(U)   The  infrared  contrast  due  to  an  unresolved  projectile  can  be  broken 

down  into  several  terms. 
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infrared  contrast  =  (the  radiant  intensity  due  to  the 
heating  of  the  projectile  during  launch)  +  (the  radiant 
intensity  due  to  the  projectile's  emission  at  pre-launch 
temperature,  T)  +  (the  radiant  intensity  due  to  reflection 
of  the  earth-sky  radiance  by  the  projectile)  -  (the  re- 
ference radiant  intensity  of  the  sky  background) . 
This  equation  can  be  expressed  more  precisely  as: 

AI  =  Ip  +  e  Lj.  Aj.  +  (1  -  e)  (RTF)  Lfi  Aj,  -  Lg  Aj,        (5) 


where 


Ip  =  radiant  intensity  due  to  firing  the  projectile,  W/sr 

2 
LD  =  radiance  associated  with  ambient  temperature,  W/cm  sr 


2 


B 
L~     =     initial  radiance  of  the  projectile  before  firing,  W/cm4-  sr 

(4  %  lb) 

2 
Aj,    =    projected  target  cross  sectional  area,  cm 

e       =     target  "average"  emissivity 

2 
L<,    =     sky  radiance,  at  the  position  of  the  projectile,  W/cm    sr 

(this  quantity  is  a  function  of  observation  angle) 
RTF  =    radiation  transfer  function  (5) ,    (6) 

The  projectile  infrared  signature,  I,  is  defined  as: 

I  =  Ip  +  e  Lj.  Aj.  +  (1  -  e)    (RTF)  LR  Aj.  (6) 
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The  projectile  infrared  signature,  I,  can  then  be  written  as 

I  =  AI  ♦  Ls  Aj.  (7) 

Therefore,  measurements  of  both  the  infrared  contrast,  AI  and  the  background 
sky  radiance,  L~  are  necessary  to  compute  the  infrared  signature. 
(U)   The  measurement  of  infrared  contrast  is  straightforward  once  the 
calibration  equation,  range  to  the  target  and  atmospheric  transmission  are 
known.  The  expression  relating  radiant  intensity  of  a  target  to  aperture 
irradiance  at  a  range  R  through  an  atmosphere  of  transmission  t.  is: 

2 

_K 

T, 


AI  =  A_E_R_  (g) 


A 

Figures  13,  14  and  15  are  photographs  of  storage  oscilloscope  traces 

(cf.  Figures  1,  2  and  5)  of  the  voltage  pulses  representing  the  infrared 

contrast  due  to  a  target  projectile. 

(U)   The  calibration  equations  and  therefore  equation  8  do  not  include 

the  effects  of  a  finite  electronic  bandwidth  on  the  pulse  magnitude  or  the 

effect  of  optically  resolving  the  projectile.  The  effects  of  the  low  pass 

filter  used  in  the  8-12pm  radiometer  have  been  modeled  as  a  gaussian  transfer 

function  (7) : 

u  r  -*  -  ~~0.35  ( )   -j  0)  t  rcn 

H  (ojj  =  e     voo  J     e  J         o  (9J 


a)  =  3  dB  Bandwidth 
c 
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Fig.  13.  The  8-12ym  infrared  con- 
trast of  the  105  mm  howitzer  pro- 
jectile. The  positive  and  nega- 
tive pulses  are  characteristic  of 
the  output  of  the  differentially 
summed  pair  of  infrared  detectors. 
The  parameters  are:  3/8/77,  run 
#82,  charge  3,  ambient  temperature 
280.2  K,  elevation  angle  1°,  ap- 
parent sky  temperature  275.8  K, 
range  2127  m.   (U) 
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Fig.  14.  The  3.5-5.2ym  infrared  contrast 
of  a  4.2  inch  mortar  projectile.  The 
parameters  are:  3/3/77,  run  #54,  charge 
19  7/8,  ambient  temperature  285.8  K,  ele: 
v; r  Ion  angle  3° ,  apparent  sky  temperature 
28 7.8  K,  range  335  m.   (U) 
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Fig.  15.  Dual  trace  illustrating  near 
simultaneous  measurement  of  the  8-12luti 
(upper)  and  3.5-5.2um  (lower)  infrared 
contrasts  of  a  155  mm  howitzer  projec- 
tile. The  8-12um  pulse  originates 
from  the  modified  8-12um  radiometer. 
The  parameters  are:  3/24/77,  run  #238, 
charge  1  GB,  ambient  temperature  277.4  K, 
elevation  angle  1°,  apparent  sky  tempera- 
ture (8 -12pm)  268.9  K,  apparent  sky  tem- 
perature (3.5-5.2ym)  277.4  K,  range 
902  m.   (U) 
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Furthermore,  the  pulse  presented  to  this  network  has  also  been  modeled  as 
a  gaussian  (7) : 

t2n     2 
f(t)  =  V  e'z   /ZT1  (10) 


x,  y  HWHM 

1  'V' 


The  results  of  passing  the  pulse  f  (t)  through  the  low  pass  network  described 
by  equation  9  are  a  reduction  in  the  peak  value,  a  time  delay  t  and  a 
broadening  of  the  pulsewidth.  The  output  pulse  is  a  gaussian  and  is: 

g(t)  =    ,VTl       e^V^l2  +  ^4»      »1) 

wc 
The  output  pulsewidth  (FWHM)  is 

-  9  /~2~!  0.7  nr, 

To      1    — 2"  *•  12> 

wc 

Therefore  by  measuring  x  ,  x,  can  be  computed  and  the  electronic  transfer 
function  (ETF)  or  pulse  visibility  factor  (3)  can  be  computed  from  x  and 
a)  .  For  the  8-12um  radiometer,  the  ETF  is 


2    2.8 
o 


n-  -7 


ETF  = £-  (13) 

To 
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(U)   The  ETF  was  measured  as  a  function  of  pulsewidth  and  bandwidth  for 
the  3.5-5.2um  radiometer  and  was  found  to  be  greater  than  one  for  some  cases 
because  the  low  pass  filter  had  a  sharp  rolloff  (6  pole)  and  produced  some 
overshoot.  The  ETF  for  the  modified  8-12um  radiometer  was  very  close  to 
one. 

(U)   The  problem  of  optically  resolving  the  target  projectiles  in  one 
dimension  occurred  for  the  8-12um  radiometer  at  ranges  of  335  m  (D  range) 
and  900  m  (GP  24).  At  2100  meters  (GP  8),  all  targets  were  unresolved  by 
the  radiometers.  The  problem  was  solved  by  convolving  the  optical  spot 
size  with  the  detector  in  the  focal  plane  and  then  projecting  the  results  of 
this  convolution  out  to  the  specified  range  (cf.  "OFF",  TT-16).  A  model 
of  the  radiance  of  the  4.2  inch  mortar  as  a  function  of  its  longitudinal 
dimension  was  developed  from  the  resolved  radiance  measurements  performed  at 
Aberdeen  (4) ,  (5)  and  this  function  was  convolved  with  the  projected  optical 
filter  function  (OFF) .  The  results  of  this  convolution  then  represent  the 
transfer  function  of  the  optics  (OTF)  (analogous  to  the  ETF  or  pulse 
visibility  factor  of  the  electronics)  (5) .  Similar  OTF  models  were  created 
for  the  105  mm  and  155  mm  howitzer  projectiles.  The  infrared  contrast  as 
measured  from  Figures  13,  14  and  15  is  then: 

a  V  b  R2  A, 

AI  =  2 ! W/sr  (14) 

x  (OTF)  (ETF)  A 
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where 

a,b  =  calibration  coefficients  for  a  specified  system  and  channel 

R  =  range  to  the  target 

t.  =  atmospheric  transmission  in  the  specified  wavelength  interval 

OTF  =  "optical  transfer  function"  for  a  specified  target,  system 
and  range 

ETF  =  "electronic  transfer  function"  for  a  specified  system 

Aj,   =  projected  target  area  at  an  aspect  angle  of  90 

A   =  projected  target  area  at  an  aspect  angle  a  as  determined  by 
trajectory  geometry. 

The  results  of  applying  equation  14  to  raw  data  of  the  type  shown  in 
Figures  13-15  indicate  that,  although  there  was  a  wide  range  of  atmospheric 
transmission,  trajectories,  and  target  ranges,  the  results  obtained  are 
consistent  for  a  specified  target. 

(U)   The  signature  as  described  in  equation  7  requires  information  on  sky 
radiance,  L  .  In  this  measurement  both  the  modified  8-12um  radiometer  and 
the  3. 5-5. 2pm  radiometer  were  operated  with  optical  choppers.  The  tempera- 
ture of  the  chopper  blades  was  determined  and  the  AC  signal  was  proportional 
to  the  change  in  radiance  shown  below: 


AL  =  L  -  L  (15) 

c    s 


2 
L  =  chopper  blade  radiance,  W/cm  sr 
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The  sky  radiance  was  determined  at  the  projectile  interception  and  mapped 
as  a  function  of  elevation  angle.  Figure  16  indicates  the  apparent  sky 
temperature  in  the  8-12i_im  region  during  a  low  overcast  sky  condition.  In 
this  case,  the  background  is  a  low  cloud  acting  as  a  blackbody  at  a  tempera- 
ture of  ^  0.5  K  below  ambient.  Similar  results  were  obtained  for  the 
3.5-5. 2pm  measurement  during  these  conditions.  Figures  17  and  18  show  the 
large  change  in  apparent  sky  temperature  when  the  sky  is  clear.  In  Figures 
22  and  23,  the  atmospheric  emission  is  related  to  the  total  path  length 
through  the  atmosphere  with  the  result  that  the  apparent  temperature  drops 
rapidly  as  a  function  of  elevation  angle.  The  magnitude  of  the  AT  measured 
in  the  3.5-5.2ym  region  is  less  than  that  in  the  8-12ym  region  for  a 
specified  elevation  angle.  This  is  possibly  due  to  the  strong  CCL  atmo- 
spheric emission  at  4.2-4.6ym  and  a  lesser  amount  of  H-0  emission  in  the 
4.7-5.2um  region.  Figure  19  (8-12ym  measurement)  indicates  a  scattered  sky 
condition,  that  is, the  sky  is  less  than  5/10  obscured  by  cumulus  clouds  at 
an  altitude  of  1500  m.  The  measurements  indicate  a  cloud  base  temperature 
of  approximately  -8  K  below  ambient  with  patches  of  clear  sky  visible  be- 
tween the  clouds.  This  cloud  base  temperature  is  consistent  with  a 
5.3  K/1000  m  thermal  lapse  rate.  The  thermal  lapse  rate  calculated  for  the 
low  stratus  clouds  in  Figure  16  is  also  approximately  5  K/1000  m.  Average 
meteorologic  thermal  lapse  rates  are  about  5  K/1000  m  to  6  K/1000  m  (8) . 
Therefore,  we  suggest  as  a  model  of  cumulus  and  stratus  cloud  base  radiance 
in  the  8-12um  region,  the  assumption  of  a  blackbody  at  a  temperature  con- 
sistent with  the  lapse  rate  described  in  meteorology  texts. 
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(U)   Figures  20  and  21  indicate  radiance  measurements  performed  at 
approximately  the  same  time  in  the  8-12um  and  3.5-5.2um  wavelength  intervals. 
The  sky  condition  is  broken  (5/10-9/10)  by  cumulus  clouds  at  900  m  and 
altostratus  clouds  at  3000  m.  The  apparent  sky  temperatures  in  the  8-12um 
region  indicate  that  the  sky  radiance  is  being  dominated  by  the  clouds  at 
900  m.  The  apparent  sky  temperature  measurements  in  the  3.5-5.2um  region 
are  positive.  In  this  case,  there  is  undoubtedly  a  scattered  solar 
radiation  component.  The  positive  apparent  temperature  of  clouds  in  the 
3-5ym  region  has  been  previously  measured  by  Oetjen,  et  al.  (9). 
(U)   The  measured  infrared  signatures  of  the  three  projectiles  are  shown 
in  Figures  22-27.  The  data  indicate  that  the  signature  is  a  function  of 
background  radiance  (or  temperature)  and  generally  has  the  form: 

1  -  Ao  +  Ai  4  ^ 

The  intercept  A  is  the  component  due  to  firing  the  projectile  (equation  6) 
while  the  other  components,  initial  radiance  and  reflected  radiance,  are 
combined  into  the  term  dependent  on  background  radiance,  A,  LR.  The  data 
obtained  during  the  experiment  were  least  squares  fitted  to  the  linear 
equation  and  A  and  A-  coefficients  were  determined.  Table  5  indicates  the 
equations  which  are  models  of "the  radiant  intensity  of  fired  mortar  and 
artillery  projectiles.  These  models  are  valid  over  a  limited  temperature 
range  and  the  reflected  component  is  valid  for  a  projectile  which  has  been 
fired  at  a  60  quadrant  elevation. 
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(C)   The  measured  infrared  signature  of  the  4.2  inch  mortar  in  the  8-12um 
region  varied  from  1.0-1.6  W/sr  while  in  the  3.5-5. 2um  region  the  measured 
signature  was  0.08-0.16  W/sr.  This  indicates  that  the  equivalent  blackbody 
temperature  was  higher  in  the  3.5-5.2um  region.  This  is  due  to  a  non-uniform 
temperature  distribution  across  the  projectile  and  possibly  a  reflected 
component  due  to  the  sun.  The  same  observation  is  generally  true  for  the 
155  mm  projectile  with  the  measured  infrared  signatures  being  2.6-3.8  W/sr 
in  the  8-12ijm  region  and  0.3-0.5  W/sr  in  the  3.5-5.2ym  region.  The  105  mm 
projectile  showed  less  of  a  difference  between  the  equivalent  blackbody 
temperatures  in  the  two  wavelength  regions.  The  105  mm  infrared  signatures 
are  1.2-2.4  W/sr  in  the  8-12um  region  and  0.1-0.19  W/sr  in  the  3.5-5.2ym 
region.  The  105  mm  projectile  essentially  has  the  same  signature  in  either 
wavelength  interval  as  the  4.2  inch  (106.7  mm)  mortar  projectile  when  the 
projectiles  are  fired  with  the  same  muzzle  velocity. 

5.   INFRARED  CONTRAST  AND  SYSTEM  PERFORMANCE 

(U)   An  infrared  detection  system  utilizes  the  infrared  contrast,  AI,  for 

peak  detection.  The  peak  signal  to  RMS  noise  expression  can  be  approximated 

by: 


S/N  =  AI  (-2)  ^JH  D*(X)  x.CX,  RH,  V,  T,  R) 


(17) 
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where 

2 
A    =  area  of  the  entrance  pupil  of  the  collecting  optic,  m 

R    =  range  to  the  target,  m 

1/2 
D*(A)=  detector  normalized  detectivity,  cm  Hz  '  /W 

2 
An   =  area  of  the  detector,  cm 

B    =  electronic  white  noise  bandwidth 

x    =  transmission  of  the  optics  and  filter 

x.(X,  RH,  V,  T,  R)  =  atmospheric  transmission  as  a  function  of  wave- 
length, relative  humidity,  photopic  visibility, 
ambient  temperature  and  range 

ETF  =  electronic  transfer  function  (pulse  visibility  factor) 

(U)  A  comparison  of  the  two  wavelength  intervals  can  be  made  on  the  basis 

of  available  infrared  detector  D.*  values  and  target  contrasts.  If  the 

system  parameters  are  held  constant  then  a  figure  of  merit  can  be  defined  as 

K  =  AI  T7*(X)  ta  (X,  RH,  V,  T,  R)  (18) 

As  an  example,  four  cases  of  atmospheric  transmission  and  infrared  contrast 
have  been  listed  in  Tables  6  and  7.  For  available  infrared  detectors 
operating  in  an  F/l  optical  system,  realistic  D  *  values  (in  the  white 
noise  region)  are: 

Dx*  =  3.5  x  1010  cm  Hz1/2/W  for  8-12um  region  P.C.  HgCdTe 

Dx*  =  3.5  x  1011  cm  Hz^/W  for  3.5-5.2ym  region  P.V.  InSb 


36 

Unclassified 


Unclassified 


e 

cm 

I 


CM 

O 

CM 

-J- 

-* 

""> 

o 

o 

v£> 

r~ 

CO 

v£> 

e 
p. 

CM 
H 

I 
CO 


o 


CM 

o 

CO 


oo 
o 


o 

CO 


to   to 


o 

W 
►J 


L2 


oo 


csi 


T3 

u 

3 

a) 

O 

> 

H 

o 

CJ 

cj 

00 

c 

T3  tH 
3    rH 

O  i-( 
H  <U 
:J    CJ 


PU 


(A 

w 


3 

ca 
u 
u 


co  o 


Cu 


o 
o 
m 


o 

CM 


U 

U-i 

s 

CO 

m 

rH 

>> 

■u 

•H 

H 

J 

o 

en 

CO 

•H 

> 

s^s 

S 

CJ 

O 

P-i 

«tf 

n 

CM 

CJ 

o 

H 

a\ 

< 

CM 

•>  4J 

CO  CO 

3  rt 

I       4-1  CJ 

O    nl  U 

4J     U  CU 

rH     4J  > 

<  co  O 


C*4 

o 

o 
o 

CM 


00 


4-> 
Cn 

m 
en 


6 


o 


H 

CJ 

o 
o 

iH 

CJ 
O 

CM 


CM 


U 

a 

cu 

rH 
CJ 


CO     CO 


3 

ca 
u 

4-1 


CO   o 


Cu 

o 
o 
o 


en 

N 

N 

•H 

U 

| 

o 

< 

4J 

4-1 

A 

Cu 

00 

•H 

00 

•J 

<■ 

o 

rH 

M 

J 

rH 

CO 

• 

• 

sr 

<■ 

CM 

o 
o 

rH 

CJ 

CJ 

o 

O 

r~. 

«* 

I 

CM 

CJ 

CJ 

o 

O 

o 

<■ 

CM 

CU 

u 

3 

a 
cu 


cu 

4-» 
+-) 

d 
cu 

•  H 


•H 
O 

t 


<    a 


cu 

I 


cu 
+j 

cct 

CU 


cd 

a, 
o 

•H 

co 

o 


+J 
•H 

-a 

•H 


2 
•  H 
■P 
CtJ 

CU 
r4 


,0 

+-> 

•  H 

•H       +-» 
U        CtJ 

t+H       rH 

o 

•H 

CU 
•M 

cd 
cu 

rH 

■s 


t-. 
CU 

cu 


m 

c 
cu 


Cu 


■M      -iH 

Cu    cu 


CU 

<4H 

o 


o 

•H 

f- 
CU 

Cu 
to 

i 

c3 


II         II 


S    5    cu 


co 


37 


Unclassified 


53 


w 

H 


M         3. 
<3       CN 


Si 

os  H 

O  Z 

ft,  o 

o 

g 

W 
en  fa 


w 


UNCLASSIFIED 

GohfidfcHtaaJ; 

♦••♦..., 


r-»        o        iH        -a- 
m  m        ro        -a-        cm 

HI  n        m        eg        m 


M  fa 

H  Z       E 

W  cn                                               m 

g  6i               .... 

fa  m     oo             o        •-(        -h        o 

fa  m 


m 

m 

Q      ^  ^ 

Z  CO 

^s       <     cn  — 

O                 O  ►» 

*-*           XC        M  "* 

.             Z       <  M 

^      m    as  <     e 

w  a. 

w         CM      u  -     CN 

hJ           .to  H                      on        oo        cti        m 


to  in               r»         r-^         vo         r-«                   o 

fa  <;  I              o        o        o        o                  m 

WW  od  m               .... 

a     i  h  •           oooo               w 

<  O 

fa      W  U  W 

o    5  hJ 


cn                      os  < 

si 

H                         fa  O 

Z                         Z  M 

O                       M  B                                                                        H 

O  3.                                                                           < 

K  cn             vo        m        m        m                  > 

O                     u  h             cn        m        vo        cn                  w 

W                     Z  l                ....                  ,j 

Pi                          M00  O'OOO                      w 

S  cn 

fa                       •  z 

z                   <r  o 

M  M 

H 


w  cn 

i-J  en 

fa  < 


CN 


UNCLASSIFIED 

i  (DoHfitteiittal 


Unclassified 


TABLE  8   (U) 

INFRARED  SYSTEM  FIGURE  OF  MERIT  FOR  A  RANGE  OF  1000m  FOR 
FOUR  WEATHER  SCENARIOS  (U) 


3.5-5.2ym 

8-1 2um 

Example 

4 . 2  inch 

155mm 

4.2  inch 

155mm 

1 

1.78xl010 

8.03xl010 

4.61xl09 

1.06x10 

2 

2.05xl010 

8.66xl010 

1.54xl010 

3.65x10 

3 

1.94xl010 

6.76xl010 

2.07xl010 

4.45x10 

4 

1.59xl010 

6.85xl010 

4.20xl09 

9.24x10 

10 


10 


10 
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TABLE  9  (U) 

INFRARED  SYSTEM  FIGURE  OF  MERIT  FOR  A  RANGE  OF  7000m  FOR  FOUR 

WEATHER  SCENARIOS  (U) 


3.5-5 

.  2ym 

8- 

-12 

Vim 

EXAMPLE 

4 . 2  inch 

155mm 

4 . 2  inch 

155mm 

1 

1.26xl09 

5.67xl09 

7.84xl07 

1.81x10 

2 

3.63xl09 

1.54xl010 

4.10xl09 

9.69x10 

3 

5.14xl09 

1.80xl010 

1.16xl010 

2.49x10 

4 

7.69xl08 

3.32xl09 

5.14xl07 

1.13x10 

10 
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Tables  8  and  9  show  the  relative  figures  of  merit  for  the  two  wavelength 
intervals  for  each  of  the  four  weather  examples.  In  the  sixteen  cases 
considered  (two  ranges,  four  weather  examples,  two  projectiles)  the  figure 
of  merit  of  the  3.5-5.2ym  system  is  larger  in  twelve  cases.  The  8-12um 
system  improves  its  rating  at  the  longer  ranges  but  at  7000  m  the  comparison 
shows  its  figure  of  merit  greater  in  only  three  cases.  These  cases  include 
the  cold,  clear  winter  day  of  example  3,  and  for  the  4.2  inch  projectile, 
the  high  overcast  condition  of  example  2. 

6.  CONCLUSIONS 

(C)  The  infrared  signatures  of  the  US  4.2  inch  mortar  and  the  105  mm  and 
155  mm  howitzer  projectiles  have  been  measured  in  the  8-12ym  and  3.5-5, 2um 
wavelength  regions.  The  8-12ym  signature  measurements  for  the  4.2  inch 
projectile  are  comparable  to  measurements  performed  at  Aberdeen  in  1975  (4) 
and  at  Camp  Edwards  in  1976  (5) , 

(C)  The  8-12)jm  signatures  of  the  4.2  inch  mortar  projectile  and  the  105  mm 
howitzer  projectile  are  roughly  equal  when  fired  at  the  same  muzzle  velocity. 
The  8-12ym  signature  of  the  155  mm  projectile  is  approximately  a  factor  of 
2.3  larger  than  that  of  the  105  mm. 

(C)  The  3,5-5.2ym  measurements  indicate  a  higher  projectile  apparent  tempera- 
ture than  that  in  the  8-12ym  region.  This  indicates  a  non-uniform  tempera- 
ture distribution  across  the  projectile  (4).  In  general,  the  projectile 
radiant  intensity  in  the  3.5-5.2um  region  is  an  order  of  magnitude  less  than 
that  in  the  8-12um  region.  Typical  values  for  the  4,2  inch  mortar  projectile 
are  0.08-0.16  W/sr  in  the  3. 5-5. 2pm  band  and  1.0-1.6  W/sr  in  the  8-12ym  band. 
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(U)  It  is  expected  that  the  projectile  radiant  intensity  in  both  wavebands 
will  increase  as  a  function  of  muzzle  velocity.  The  increased  signature  will 
result  from  additional  aerodynamic  heating  and  a  larger  propellant  charge. 
Additional  signature  measurements  of  supersonic  projectiles  are  presently 
under  consideration. 
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IV.     IR   PROJECTILE   TRACKING 


A.      INTRODUCTION 


[U]  The  infrared   (IR)  projectile -tracking  system  concept  is  based  upon  detection  of  the  IR 

signature  of  in-flight  mortar  shells.     The  passive  IR  array  provides  target  azimuth  and  eleva- 
tion at  several  points  along  the  trajectory,   and  range  to  the  projectile  is  then  provided  by  a 
laser  ranger.     This  information  is  utilized  to  estimate  the  position  of  the  mortar  tube  which 
launched  the  projectile. 

[U]  The  system  concept  was  very  successfully  demonstrated  in  the  tests  at  China  Lake  (see 

SATSR  dated  31  January  1977)  and  the  results  of  those  tests  have  now  been  completely  analyzed. 
Project  responsibility  for  further  development  of  the  IR  projectile-tracking  system  is  being 
transferred  to  the  Army  Night  Vision  Laboratory  (NVL).     Lincoln  Laboratory  will  continue  to 
support  the  program  with  another  series  of  measurements  and  continued  systems  analysis,   as 
well  as  direct  support  to  NVL. 

[C]  Analysis  of  signature  data  from  the  Naval  Weapons  Center  (NWC)  tests  has  been  com- 

pleted,  and  the  results  are  in  good  agreement  with  the  predicted  values  (see  SATSR  dated 
31  January  1977,   pp.  37-39).     The  IR  signatures  of  U.S.    81-mm  and  4.2-in.    mortar  projectiles 
as  well  as  Soviet  and  Chinese  82-  and  120-mm  mortar  projectiles  have  also  been  analyzed. 

[U]  New  passive  IR  signature  measurements  were  performed  at  Camp  Edwards,   MA  on 

U.S.   105-  and  155-mm  howitzer  projectiles  as  well  as  the  4.2-in.   mortar  projectile  during 
February  and  March  1977.     These  signature  experiments  were  performed  on  subsonic  projec- 
tiles in  the  8-  to  12-j±m  and  3.5-  to  5.2-p.m  IR  bands.     Sky  background  radiance  measurements 
were  also  made  in  both  wavelength  intervals  for  low-overcast,   partly  cloudy,   and  clear-sky 
conditions. 

[U]  A  figure  of  merit  based  on  the  physics  of  the  problem  of  IR  detection  of  projectiles  has 

been  developed  in  order  to  compare  the  theoretical  performance  of  systems  operating  in  the 
8-  to  12-|xm  and  3.5-  to  5.2-p.m  wavelength  intervals.     These  two  wavebands  are  compared  on 
the  basis  of  a  Central  European-type  weather  scenario.     In  addition,   a  statistical  analysis  of 
the  utility  of  two  IR  projectile-tracking  systems  (8  to  12  |j.m  and  3.5  to  5.2  ^m)  has  been  per- 
formed.    This  model  utilizes  predicted  mortar  signatures,   prototype  system  parameters,   and 
weather  statistics. 

B.      SUMMARY  OF   RESULTS  OBTAINED  AT   THE   NAVAL  WEAPONS  CENTER 

[C]  The  integrated  IR  projectile-tracking  system  was  field  tested  at  the  NWC  at  China 

Lake,   CA  from  September  to  November  1976.     The  objectives  of  this  series  of  field  tests  in- 
cluded the  demonstration  of  the  concept  of  IR  detection  and  laser  ranging  on  inflight  mortar 
projectiles,   the  location  of  th3  mortar  tube  based  on  these  trajectory  measurements,   and  the 
measurement  of  the  8-  to  12-^.m  signatures  of  U.S.   and  foreign  mortar  projectiles  (see  SATSR, 
31  January  1977,   pp.  27-39). 
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Fig.  IV-1.     Mortar  location  experiments.     [U]        Figi IV-2.     Mortar  location  experiments.     (U] 
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[C]  The  weapon  locations  were  determined  by  real-time  processing  in  the  field,    but  more 

extensive  analyses  were  conducted  with  several  algorithms  to  examine  the  projectile  tracker 
data  off-line.      The  results  of  the  algorithms  RAEFIT  and  DOTFIT  are  presented  in  Figs.  IV-1 
and  IV-2,    respectively.      The  RAEFIT  algorithm  utilizes  data  which  included  two  range  mea- 
surements and  two  azimuth-elevation  measurements,  while  the  DOTFIT  algorithm  required  a 
single  range  measurement  and  three  azimuth-elevation  measurements.    Both  algorithms  assume 
a  parabolic  trajectory  and  a  mortar  tube  altitude  and  use  a  least-squares  fit  to  determine  the  x, 
y,   and  z  components  of  projectile  velocity.    These  algorithms  used  two  different  data  sets,  with 
the  result  that  the  rms  errors  were  8.4  m  cross  range  and  68  m  down  range  for   RAEFIT  and 
6.9  m  cross  range  and  39  m  down  range  for  DOTFIT.      The  errors  in  y  are  dominated  by  the 
laser  radar  range  quantization  of  20  m  which  could  be  reduced  if  this  were  desirable,    since  the 
ultimate  system  range  resolution  is  3  m.     In  general,   it  is  important  to  perform  the  trajectory 
measurements  at  as  low  an  elevation  angle  as  possible  (1°  to  6°),   to  have  a  small  range  error 
(<20  m),   and  to  have  small  elevation  and  azimuthal  errors  (<  1  mrad). 

[C]  The  IR  signatures  of  U.S.,   Soviet, and  Chinese  (PRC)  mortar  shells  were  measured  in 

the  8-  to  12-p.m  region.     The  IR  signature  is  defined  as: 

1  =  h  +  lF 

The  term  I.  is  the  radiant  intensity  of  the  projectile  prior  to  launch.     This  quantity  is  a  function 
of  pre-launch  projectile  temperature  and  projectile  emissivity.     Reflected  radiation  is  also  in- 
cluded in  this£te/rm.     The  quantity  Ip  is  the  additional  radiant  intensity  due  to  the  launching  of 
the  projectile1?'"*'  Examples  of  the  results  of  the  signature  experiments  are  shown  in  Figs.  IV- 3 
and  IV-4.     These  measurements  indicate  the  signature  dependence  on  initial  projectile  tempera- 
ture.    The  8-  to  12-y.m  signature  of  the  Soviet  and  Chinese  82  mm  is  about  1.0  to  1.2  W/sr  for 
an  initial  projectile  temperature  of  297  K.     This  compares  with  1.2  to  1.6  W/sr  for  the  U.S. 
81-mm  mortar.     The  signature  of  the  120-mm  mortar  varies  between  2.1  and  3.1  W/sr  at  the 
same  projectile  temperature,  while  the  U.S.   4.2-in.   mortar  signature  is  1.6  to  2.6  W/sr.     These 
results  indicate  that  the  projectile  signature  is  roughly  scaling  with  the  target  cross-sectional 
area. 

C.      CAPE   COD  IR  SIGNATURE   EXPERIMENTS 

[U]  Following  the  success  of  the  IR  projectile-tracking  system  in  locating  mortars  at  the 

NWC,   we  decided  to  measure  the  signature  of  artillery  projectiles  in  order  to  determine  the 
utility  of  this  concept  in  artillery  location.     In  addition,   the  results  of  recent  IR  focal-plane 
studies  indicated  that  certain  technological  advantages  might  be  obtained  by  projectile  detection 
in  the  3-  to  5-^m  atmospheric  window  (SATSR,    31  January  1977,   p.  31).     Therefore,   a  series 
of  "two-color"  (8-  to  12-p.m  and  3.5-  to  5.2-p.m)  IR  signature  measurements  were  made  on  the 
U.S.   4.2-in.   mortar  projectile  and  the  U.S.    105-  and  155-mm  artillery  projectiles. 

[U]  The  field  experiments  were  conducted  at  Camp  Edwards  on  Cape  Cod,    MA  from  14  Feb- 

ruary to  25  March  1977  (Ref.  3).     Measurements  were  performed  on  more  than  240  projectiles 
at  ranges  of  335  to  2100  m.     The  experiments  involved  measurements  of  projectile  IR  contrasts 
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and  sky  radiance  measurements  in  the  two  wavebands,   ambient  temperature,   relative  humidity, 
photo-visibility,   cloud  types,   and  cloud  ceilings. 

[C]         Some  of  the  results  of  these  experiments  are  shown  in  Figs.  IV-5  through  I V-8.     The 
IR  signature  of  the  4.2-in.   mortar  varies  from  1.0  to  1.6  W/sr  in  the  8-  to  12-jim  region,  while 
in  the  3.5-  to  5.2-^.m  region  the  measured  signature  is  0.08  to  0.16  W/sr  at  275  K.     This  indi- 
cates that  the  equivalent  blackbody  temperature  is  higher  in  the  3.5-  to  5.2 -p.m  region.     This 
implies  a  nonuniform  temperature  distribution  across  the  projectile  and  possibly  a  reflected 
component  due  to  the  sun.     The  same  observation  is  true  for  the  155-mm  projectile  with  IR  sig- 
natures of  2.6  to  3.8  W/sr  in  the  8-  to  12-^m  region  and  0.3  to  0.5  W/sr  in  the  3.5-  to  5.2-jj.m 
region.     The  105-mm  projectile  has  essentially  the  same  signature  as  the  4.2-in.   mortar  when 
the  projectiles  are  fired  at  the  same  muzzle  velocity. 

[U]  Clear-sky  radiance  measurements  in  both  wavebands  indicated  a  strong  dependence  of 

sky  radiance  on  elevation  angle.     These  clear-sky  measurements  are  shown  in  Figs.  IV-9  and 
IV-10.     The  magnitude  of  the  temperature  difference,    AT,   between  the  apparent  sky  temperature 
and  ambient  temperature  was  larger  in  the  8-  to  12-^m  region  than  that  in  the  3.5-  to  5.2-pj-n 
region.     This  difference  in  magnitude  is  attributed  to  COz  emission  at  4.25  jun  and  a  component 
of  scattered  solar  energy  in  the  3.5-  to  5.2-|am  region.     The  apparent  sky  temperature  during 
heavy,   low-overcast  conditions  was  only  a  few  degrees  below  ambient  in  both  wavebands. 

D.      COMPARISON   OF   PROJECTILE    DETECTION   IN   8-  TO  12-^m  AND  3.5-  TO  5.2-p.m 
WAVELENGTH   INTERVALS 

[C]  An  IR  projectile  detection  system  utilizes  the  IR  contrast,    Al,    for  peak  detection.     The 

IR  contrast  is: 

AI  =  I  -  LgAT 

where  L~AT  is  the  product  of  the  sky  radiance  and  the  projected  target  area.     If  the  systems 
parameters,   such  as  noise  bandwidth,   optical  system  size,   and  detector  size,   are  eliminated 
from  the  peak  signal  to  rms  noise  expression,    a  figure  of  merit   K  can  be  used  to  compare  the 
relative  utility  of  projectile  detection  in  the  two  wavelength  intervals: 


K  =  (^^CD::'(X)TA(X)dX 
1 


The  figure  of  merit  is  then  a  function  of  Al,   normalized  detectivity  D*.   and  atmospheric  trans- 
mission t..     Preliminary  evaluations  of  the  ratio  of  the  figure  of  merit  indicate  that  the  8-  to 
12-|j.m  system  outperforms  the  3.5-  to  5.2-(xm  system  during  the  winter  months  and  when  the 
sky  background  is  clear.     However,   the  3.5-  to  5.2-p.m  system  appears  to  have  an  advantage 
during  the  summer  months  and  during  low-overcast-sky  conditions.     Evaluation  of  the  two  sys- 
tems will  continue  with  the  application  of  the  HOWLS  global  weather  data  base  and  signature 
models  to  this  problem. 
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[C]  Evaluation  of  specific  IR  projectile-tracking  systems  operating  in  the  8-  to  12-^m  and 

3.5-  to  5.2-um  regions  have  been  completed.     The  system  specifications  are  shown  in  Table  IV-1. 
The  operational  utility  programs  which  include  signature  models,   cloud-free  line  of  sight,   sky 
radiance  models,   and  atmospheric  transmission  derived  from  the  HOWLS  global  weather  data 
base  were  used  to  determine  the  effectiveness  of  mortar  detection  in  these  two  wavebands 
(SATSR,    31  July  1976,   pp.  36-38).  '  The  results  of  this  analysis  are  shown  in  Figs.  IV-11  and 
IV-12.     The  conclusions  are  that  IR  projectile-detection  systems  can  be  constructed  in  either 
wavelength  interval.      Projectile  detection  can  be  accomplished  greater  than  50  percent  of  the 
time  at  ranges  greater  than  10  km. 
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TABLE   IV-1 

IU) 

ADVANCED 

IR  PROJECTILE-TRACKING 

SYSTEMS 

SPECIFICATIONS    [U] 

8-  to  12-jjm  System 

D* 

Normalized  detectivity 

2.5X  10,0cm  Hz1//2/W 

D 

Optic  diameter 

20  cm 

?» 

Optic  focol  ratio 

0.8 

DAS 

Detector  angular  subtense 

0.  3  mrad 

B 

Electronic  noise  bandwidth 

60  Hz 

3.  5-  to  5.  2-u.m 

System 

D* 

Normalized  detectivity 

3X  101'  cm  Hzly7W 

D 

Optic  diameter 

20  cm 

F' 

Optic  focal  ratio 

2.0 

DAS 

Detector  angular  subtense 

0. 3  mrad 

B 

Electronic  noise  bandwidth 

60  Hz 

1.0 

^^ SUMMER 

0.8 

- 

WINTER^--- 

0.6 
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- 

BERLIN, GERMANY 
RADIATION   BAND,  8  TOIZjim 

0.4 
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4.2-in.  MORTAR 

SLANT   PATH,  3*  ELEVATION 

0.2 
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Fig.  IV-11.     IR-countermortar  operational 
probability.     [U] 


Fig.  IV-12.     IR-countermortar  operational 
probability.     [U] 
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E.      SUMMARY 

[CJ  The  concept  of  IR  projectile  tracking  and  mortar  tube  location  has  been  successfully 

demonstrated  in  tests  at  the  NWC.    A  circular  error  probable  (CEP)  of  30  m  has  been  obtained, 
with  a  further  reduction  of  CEP  easily  achieved  if  this  is  desirable. 

[U]  Project  responsibility  is  presently  being  transferred  to  the  NVL,   with  Lincoln  support- 

ing with  signature  measurements  and  systems  analyses. 

[C]  Both  U.S.   and  foreign  mortar  shell  signatures  have  been  obtained  in  the  8-  to  12-^m 

region,and  a  3.5-  to  5.2-p.m  and  8-  to  lZ-^m  data  base  on  U.S.   mortar  and  artillery  projectiles 
is  now  available.     Comparisons  of  projectile -detection  systems  operating  in  these  two  wave- 
bands indicate  that  systems  can  be  built  in  either  waveband  and  available  technology  may  be  the 
factor  that  determines  which  system  is  built. 

[U]  Lincoln  Laboratory  is  preparing  to  extend  the  8-  to  12-jim  and  3.5-  to  5.2-jj.m  data  base 

to  supersonic  artillery  projectiles,  with  measurements  planned  for  early  September  1977. 
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INTRODUCTION 


[C]  During  the  past  two-and-a-half  years,   the  concept  of  autonomous  target  detection  has 

been  investigated  in  the  context  of  a  shell-mounted  weapon-delivery  system.     Since  the  last 
SATSR  reporting  period,   three  major  tasks  have  been  undertaken: 

(1)  Background  data  have  been  collected  at  North  Andover  and  Cape  Cod,    MA; 
West  Union,   IA;   Ft.  Collins,   CO;   China  Lake,   CA;   and  Ft.  Hood,   TX. 
These  tests  were  carried  out  under  a  wide  variety  of  weather  conditions 
with  temperatures  which  ranged  from  — 15°C  in  Massachusetts  in  the  win- 
ter,  to  +40"C  in  California  in  the  spring;   the  terrain  included  snow  cover, 
desert  sand,   and  dense  vegetation. 

(2)  Target-signature  data  were  collected  during  this  time  period  on  a  variety 
of  weapons  including  105-  and  155-mm  howitzers,    155-mm  and  8-in. 
self-propelled  guns,   and  M-48,   M-60,    T-54,   and  T-62  tanks.     Signatures 
of  a  variety  of  armored  personnel  carriers,   trucks,   and  jeeps  were  also 
obtained. 

(3)  In  an  ongoing  data-analysis  effort,   some  progress  is  being  made  in  the 
development  of  optimal  target  discrimination  algorithms  and  in  estab- 
lishing target-detection  probability  functions  based  on  the  background  and 
target  data  described  above.     However,   with  the  press  of  a  heavy  field 
experimental  effort,   only  a  small  amount  of  processing  and  analysis  has 
been  done  and  there  is  a  large  backlog  of  data. 

B.     BACKGROUND  DATA   RESULTS 

[U]  The  clutter  levels  of  the  backgrounds  studied  since  the  last  reporting  period  were  found, 

in  general,   to  have  approximately  the  same  values  as  those  measured  in  Orlando  during  the 
rooftop  testing  phase  of  this  program.      These  data  are  summarized  in  Table  V-l.     Snow-covered 


TABLE  V-l    [U] 

BACKGROUND  CLUTTER   LEVEL  SUMMARY  (°C)    [U| 

Orlando,  FL  (winter) 

Night 

Cloudy 

Sunny 

0.5 

1.0 

2.5 

Cape  Cod,  MA  (winter) 

0.5 

1.0 

2.0 

North  Andover,  MA  (winter) 

1.0 

1.5 

3.0 

North  Andover,  MA  (spring) 

1.0 

1.5 

3.0 
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Fig.  V-l.  Background  histogram  plots  for  (a)  snow-covered  field,  and 
(b)  grass -covered  field  in  North  Andover,  MA.  Data  were  collected 
under  sunny,   mid-afternoon  conditions.     [U] 
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terrain  is  somewhat  of  an  anomaly  since  snow  does  not  solar  heat  appreciably  and  is  a  poor  ther- 
mal conductor.     Therefore,   snow  tends  to  follow  the  air  temperature  closely  and  does  not  experi- 
ence the  thermal  lag  exhibited  by  other  types  of  terrain  features.     Thus,   the  clutter  levels  of 
snow  terrain  tend  to  be  somewhat  less  predictable  than  the  other  backgrounds  studied. 

[U]  There  is  an  increasing  body  of  evidence  pointing  to  the  fact  that  most  backgrounds  do  not 

have  a  simple  Gaussian  distribution  (as  has  been  claimed  by  some  early  researchers  in  this 
field  ),   but  that  backgrounds  are,   in  general,   multimodal.     This  phenomenon  is  illustrated  in 
Fig.  V-l(a-b)  which  presents  10-  to  13-Lim  data  collected  at  the  Boston  Hill  field  site  in  the  win- 
ter and  spring  of  this  year.     For  each  scene,   two  major  modes  are  visible  arising  from  temper- 
ature differences  between  the  field  and  the  defoliated  trees  in  this  picture.     This  result,    if  it  is 
indicative  of  a  general  trend,   may  indicate  that  the  target  discrimination  algorithms  used  in  this 
study  can  be  significantly  improved  if  a  bimodal  background  characterization  were  to  be  included 
in  the  target  search  formalism. 
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C.     TARGET-SIGNATURE   DATA 

[C]  The  primary  target-signature  experiments  for  firing  guns  were  conducted  at  the  NWC  at 

China  Lake.     Data  were  collected  for  the  10  5-  and  155-mm  howitzers  and  for  the  155-mm  and 
8-in.    self-propelled  guns  at  ranges  of  i/2  and  1  km  and  at  depression  angles  up  to  14°.     These 
weapons  were   fired  at  rates   up  to  1  round/min.,   and  the  heating  rates   were  measured   with 
contact  thermocouples;  their  radiometric  signatures  were  obtained  with  both  the  two-color  sen- 
sor and  the  digitized  AGA  system.      The  heating  curves  established  with  the  contact  thermom- 
eters for  three  of  these   weapons  are   given  in  Fig.  V-2.     The  observed  temperature  rise  was 
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Fig.  V-2.     Heating  rates  for  fired 
American  artillery.     [U] 
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Fig.  V-3.     Digitized  AGA  data  (8  to  13  ^m)  on  M-48  tank  (engine  idling).     [U] 
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approximately  1.5°C/round  for  the  155-mm  weapons  and  l°C/round  for  the  105-mm  gun.  These 
numbers  agree  well  with  heating  rates  observed  by  the  NVL  during  an  experiment  at  Ft.  Sill,  OK 
in  197  5  (Ref.  4). 

[C]  An  extensive  tank  signature  data  base  has  been  developed  for  both  American  and  Soviet 

tanks  as  a  result  of  measurements  made  at  Cape  Cod,   China  Lake,   and  Ft.  Hood.     Both  resolved 
and  unresolved  imagery  have  been  obtained  from  depression  angles  between  0°  and  30°.     An  ex- 
ample of  a  set  of  calibrated  IR  signatures  in  the  8-  to  12-p.m  waveband  is  shown  in  Fig.  V-3  for 
the  M-48  tank. 

D.      TARGET  ACQUISITION  RESULTS 

[U]  Selected  frames  from  the  1977  Boston  Hill  background  data  base  have  been  analyzed  with 

the  same  computer  program  used  against  the  Orlando  terrain  data  described  in  the  last  SATSR. 
This  computer  code  uses  spatial  filtering  to  remove  extended  sources  (anticipated  target  is  un- 
resolved),  and  then  undertakes  a  statistical  search  in  the  two-color  plane  to  select  the  most 
likely  target.     A  comparison  of  the  ability  of  the  discrimination  algorithms  to  detect  artillery 
size  targets  in  the  Orlando  and  New  England  background  is  given  in  Fig.  V-4(a-b).     The  results 
are  in  good  general  agreement  and  indicate  that  50-percent  detection  probability  usually  occurs 
when  the  target  pixel  amplitude  reaches  a  value  of  approximately  1.5  standard  deviations  (cr) 
above  the  background  mean. 
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Fig.  V-4.  Target  detection  vs  unresolved  target  temperature  as  a  function 
of  weather  condition  for  (a)  Orlando,  FL  data,  and  (b)  North  Andover,  MA 
spring  data  for  l/lO  pixel  target.     [U] 
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E.      FUTURE   PLANS 

[U]         The  next  phase  of  the  two-color  measurements  program  involves  the  placement  of  the 
experimental  sensor  onboard  an  airborne  helicopter.     With  this  arrangement,   target  data  can  be 
obtained  at  aspect  angles  ranging  from  0°  to  90°,  and  captive  flight  closure  maneuvers  can  be 
performed.     These  tests  are  presently  scheduled  to  begin  in  early  October  1977. 

[U]         As  of  this  writing,  an  estimated  15,000  two-color  data  frames  and  over  200,000  digitized 
AGA  frames  have  been  collected  and  cataloged.     Less  than  10  percent  of  these  data  have  received 
any  analytical  treatment.     Sufficient  information  has  been  gathered  to  allow  an  initial  character- 
ization of  a  wide  variety  of  backgrounds  and  tactical  targets;  however,  only  artillery  heating 
rates  appear  to  be  well  understood  at  this  time.     It  is  expected  that  a  major  part  of  the  future 
effort  of  the  Two-Color  IR  Guidance  program  will  be  devoted  to  data  analysis. 
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FIELD  TEST  PLAN  FOR  HOWITZER  PROJECTILE 
INFRARED  SIGNATURE  MEASUREMENTS 
AT  THE  HESSE -EASTERN  TEST  RANGE 


William  E.  Keicher 
MIT/Lincoln  Laboratory 


5  August  1977 


1.0  Introduction 

Infrared  signature  measurements  have  been  performed  on  both  artillery 
and  mortar  projectiles  in  both  the  8-12um  and  3.5-5.2um  wavelength  regions. 
These  measurements  have  been  used  to  support  the  development  of  an  infrared 
projectile  tracking  system.  The  signature  data  presently  available  on 
artillery  projectiles  is  limited  to  subsonic  velocity  projectiles  fired 
at  two  propellant  charge  levels. 

The  infrared  sensors  used  in  the  previous  measurements  have  been 
extensively  modified.  The  detector  angular  subtense,  and  the  sensor  electronics 
bandwidth  have  been  increased.   In  addition,  the  horizontal  8-12um  array 
has  been  rotated  90°  in  order  to  view  projectiles  fired  horizontally  (direct 
fire).  These  modifications  will  permit  the  development  of  the  projectile 
apparent  temperature  man  in  a  single  dimension.  The  objective  of  this  set 
of  experiments  is  to  examine  in  detail  the  infrared  signature  of  artillery 
projectiles  as  a  function  of  propellant  charge  level.  Measurements  will 
be  performed  in  both  the  8 -12pm  and  3.5-5.2ym  wavelength  regions.  These 
measurements  will  complete  the  infrared  signature  data  base  required  for 
the  design  of  an  infrared  projectile  tracking  system. 


2.0  Objectives  of  the  Field  Test 

1)  Perform  radiometric  measurements  (8-12um  and  3.5-5.2um)  on 
US  105  mm  and  155  mm  howitzer  projectiles  fired  at  subsonic  and  super- 
sonic velocities.  The  dependence  of  infrared  signature  on  propellant 
charge  level  will  be  determined. 

2)  Measure  sky  radiance  in  the  two  wavelength  intervals. 


3.0  Location  of  the  Field  Tests 

The  tests  will  be  conducted  from  September  12,  1977  to  September 
30,  1977  at  Camp  Edwards,  Cape  Cod,  Massachusetts.  The  test  range  is 
the  Jl  range  (Hesse-Eastern  test  range) .  All  test  and  calibration 
equipment  as  well  as  the  artillery  pieces  will  be  located  at  this  range. 


» 
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4.0  Test  Personnel 

Three  organizations  are  involved  in  the  field  tests:  MIT/Lincoln 
Laboratory,  Hesse-Eastern  and  the  Massachusetts  Army  National  Guard.  The 
MIT/Lincoln  Laboratory  group  is  responsible  for  directing  the  field  ex- 
periment, operating  and  maintaining  the  infrared  sensors  and  calibration 
equipment  and  analysing  the  data.  The  MIT/Lincoln  Laboratory  group 
includes : 

Alfred  Gschwendtner 

Herbert  Kleiman 

William  Keicher 

Elton  Merrill 

Louis  Hirshberg 

William  Green 

Hesse -Eastern  is  responsible  for  operating  and  maintaining  the 
artillery  pieces.  Range  safety  is  the  specific  responsibility  of  Robert 
Woodburn  of  Hesse-Eastern. 

CPT  Mixon  of  the  Massachusetts  Army  National  Guard  will  monitor  range 
safety  procedures. 


5.0     Ammunition  and  Weapons 

5.1  Ammunition 

Ml  INERT  105  mm  howitzer 
M  107  INERT  155  mm  howitzer 

5 . 2  Weapons 

M101  Al  105  mm  howitzer 

Ml 14  Al  or  M109  SP  howitzer 

5 . 3  Storage 

All  ammunition  and  weapon  storage  shall  be  the  responsibility 
of  Hesse-Eastern. 
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6.0  Experiments 

6.1  Initial  Setup 

The  equipment  setup  for  the  signatures  measurement  is  shown 
in  Figure  1.  The  howitzer  will  be  emplaced  such  that  the  projectile 
impacts  into  armor  plate  in  a  hill  about  100  meters  from  the  weapon. 
The  infrared  sensor  field  of  view  will  intercept  the  projectile 
trajectory  at  about  60  meters  from  the  howitzer.  The  infrared  sensor 
truck  will  be  located  across  the  service  road  at  a  point  50  meters 
from  the  trajectory  interception  point.  An  instrumented  infrared 
backdrop  will  be  placed  10  meters  behind  the  interception  point. 
An  infrared  calibration  source  (blackbody)  will  be  placed  at  the 
interception  point  to  test  and  calibrate  the  infrared  sensors. 

6 . 2  Equipment  Checkout 

The  final  checkout  of  the  infrared  sensors  will  be  the  recording 
of  the  infrared  signature  of  a  "twin  shot"  shotgun  shell.   In  this 
test,  the  shotgun  will  be  fired  horizontally  from  a  point  about  5  meters 
south  of  the  trajectory  interception  point. 

6.3  Infrared  Signature  Measurements 
A)  Pre -experiment 

1)  checkout  IR  sensor  boresight  and  calibration  with 
blackbody  source  at  interception  point. 

2)  prepare  muzzle  breakwire  apparatus  and  generate  test 
pulses 

3)  check  IR  backdrop  thermocouple  instrumentation 


4)  check  weapon  boresight,  azimuth  and  elevation 

5)  prepare  howitzer  rounds 

B)  Experiment 

1)  range  clear  for  firing 

2)  all  MIT  Lincoln  Laboratory  personnel  in  armored 
personnel  carrier  APC  or  tank 

3)  one  minute  countdown 

4)  tape  recorder  ON  at  T-15  seconds 

5)  record  projectile  number,  type  on  tape  recorder 

6)  projectile  fired  at  T-0  seconds 

7)  record  data 

8)  It  is  anticipated  that  some  azimuth  and  elevation 
adjustments  of  the  IR  sensor  will  be  made  for  the 
first  two  to  three  rounds 

9)  prepare  for  the  next  measurement 

C)  Post -experiment 

1)  IR  sensor  calibration 

D)  Data  Records 

In  addition  to  the  tape  recording  of  the  T  pulse,  infrared 
signature  and  voice  track  a  data  log  will  be  maintained.  These 
parameters  are  shown  on  the  following  page. 
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7.0  Transportation 

MIT/Lincoln  Laboratory  will  have  a  rental  station  wagon  available. 


8.0  Electric  Power 


Two  individually  switched,  fused  sixty  ampere  circuits  (120  AC)  4 

will  be  provided  by  Hesse-Eastern  at  the  Jl  range. 


4 


9.0     Communications 

9.1  Radio  Nets 

-  operations  net  -  AM  walkie  talkie  radios;  frequency- 
allocations  -  27.575  MHz  and  27.585  MHz. 

-  range  safety  net  -  FM  tactical  radios  AN/PRC-77;  range 
control  frequency  38.50  MHz. 

9.2  Intercom 

-  An  intercom  will  be  maintained  between  the  APC,  the  sensor 
truck  and  the  operations  /  communications  van. 

9.3  Telephone 

-  Telephone  service  will  be  available  at  the  Jl  test  site. 


10.0  Miscellaneous 

10.1  Scheduling  of  Tests 

Test  schedules  will  be  determined  on  a  daily  basis.  Test 
will  not  be  performed  in  the  rain. 

10.2  Security  Classification 

Raw  data  and  field  operations  are  unclassified.  Computed 
infrared  signatures  are  classified  confidential. 

10.3  Observers 

Observers  from  the  US  Army  Night  Vision  Laboratory  are  expected. 

10.4  Meteorological  Data 

Hank  Forrester  at  Otis  AFB,  extension  4194  can  provide  weather 
data. 
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ABSTRACT 

A  high  resolution  infrared  measurement  of  inflight  US  105  mm  and  155  mm 
howitzer  projectiles  has  been  performed  for  both  subsonic  and  supersonic 
velocities.  Measurements  were  made  simultaneously  in  the  8.0-12. Oym  and 
3.5-5.2nm  wavebands  using  bores ighted  radiometers  employing  HgCdTe  detectors. 
The  measurements  were  used  to  determine  the  temperature  profiles  along  the 
centerline  axis  of  the  projectile.  The  effects  of  reflected  earth  and  sky 
radiance  on  projectile  infrared  radiant  intensity  have  also  been  determined. 
The  radiance  profiles  were  integrated  and  are  in  good  agreement  with  the 
earlier  radiant  intensity  measurements  on  low  velocity  artillery  projectiles. 

A  spectral  radiant  intensity  model  for  artillery  projectiles  and 
projectile- sky  background  contrast  signatures  derived  from  these  measurements 
is  proposed.  The  results  of  this  study  further  extend  the  data  base  now 
available  for  the  successful  design  of  infrared  projectile  tracking  systems. 
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howitzer  projectile  fired  at  a  muzzle  velocity  of  465  m/s 
(charge  7 ) . 

Fig.  11.  The  spectral  radiant  intensity  model  of  the  US  M107  155  mm"   18 
howitzer  projectile  fired  at  a  muzzle  velocity  of  375  m/s 
(charge  5W) . 

Fig.  12.  The  spectral  radiant  intensity  model  of  the  US  ML07  155  mm   18 
howitzer  projectile  fired  at  a  muzzle  velocity  of  564  m/s 
(charge  7W) . 
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1 .   INTRODUCTION 

(U)  DARPA,  MIT  Lincoln  Laboratory  and  the  US  Army  Night  Vision  and 
Electro-Optic  Laboratory  are  presently  investigating  techniques  to 
locate  mortar  and  artillery  tube  positions  by  detecting  and  tracking 
fired  projectiles  with  an  infrared  system.  The  infrared  projectile 
tracking  system  detects  the  infrared  emission  of  an  inflight  artillery 
or  mortar  projectile,  A  horizontal  linear  array  of  IR  detectors  provides 
azimuth,  elevation  and  angular  rates  to  a  minicomputer  which  then  directs 
a  laser  ranger  to  measure  the  range  to  the  projectile.  These  measurements 
are  performed  at  two  or  three  elevation  angles  and  the  trajectory  data 

is  used  to  locate  the  position  of  the  tube.  The  results  of  the  first 

12  3 
field  trails  of  an  infrared  projectile  tracking  system  have  been  reported  '  '  . 

(U)  In  order  to  support  the  further  development  of  this  concept  both  the 

infrared  signatures  and  laser  radar  cross  sections  of  mortar  and  artillery 

projectiles  have  been  measured.  Spatially  resolved  radiance  measurements 

in  the  8.0-12.0ym  region  for  mortar  projectiles  have  been  reported  along 

with  the  laser  radar  cross  section  measured  at  0.854um  '  .  Radiant  intensity 

measurements  of  mortar  and  artillerv  projectiles  including  the  effect  of 

sky  radiance  on  projectile  infrared  contrast  in  both  the  8.0-12.0ym  and 

6  7  8 
3.5-5.2Lim  atmospheric  windows  have  been  described  '  '  .  Laser  radar  cross 

c  q 

sections  of  mortar  projectiles  at  1.064um  and  at  10.6pm  have  been 

measured.  This  report  describes  spatially  resolved  radiance  measurements 

in  the  8.0-12.0ym  region  for  both  subsonic  and  supersonic  US  artillery 

projectiles.  In  addition,  simultaneous  total  radiant  intensity  measurements 
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in  the  3.5-5.2ym  region  are  presented.  These  results  are  compared  with  the 

radiant  intensity  measurements  of  subsonic  artillery  projectiles  previously 

7 
reported  .  An  estimate  of  the  true  (thermodynamic)  temperature  distribution 

across  the  projectiles  is  described  along  with  a  model  of  spectral  radiant 
intensity  for  artillery  projectiles.  The  calculation  of  the  infrared  con- 
trast in  the  3.5-4.16ym,  4.0-5.0ym,  4.56-5.0ym,  3. 5-5. 2pm  and  8.0-12.0um 
wavebands  based  on  the  projectile  spectral  radiant  intensity  model  and  the 
AFGL  LOWTRAN  IV  atmospheric  radiance  code  is  described. 

The  infrared  measurements  were  conducted  at  Camp  Edwards,  Cape  Cod, 
Massachusetts  during  September  and  October  1977.  Measurements  were  per- 
formed on  110  US  artillery  projectiles  fired  at  a  variety  of  muzzle 
velocities. 

2 .   INFRARED  MEASUREMENTS  SYSTEMS 

Radiometric  measurements  were  performed  in  the  8.0-12.0um  and  3.5-5.2um 
atmospheric  windows.  Two  AC  coupled  radiometers  performed  simultaneous 
infrared  measurements  on  the  fired  artillery  projectiles. 

The  8.0-12.0ym  radiometer  used  in  this  experiment  was  a  modification  of 
the  equipment  constructed  by  Magnavox  Government  and  Industrial  Electronics 
Company  for  the  IR  mortar  location  experiments  '  '  .  The  modifications 
included  a  set  of  mirrors  which  rotated  the  detector  array  by  90°  to  form 
a  vertical  fence  of  "staring"  detectors.  Figure  1  shows  a  block  diagram  of 
the  8.0-12.0um  radiometer.  The  F/0.8,  10.2  cm  diameter  lens  had  a  blur 
circle  of  0.66  mr.  The  detector  array  consisted  of  ten  photoconductive 
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Fig.    1.     The  8.0-12.0  ym  radiometer. 
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TABLE  1  (U)  - 
8.0-12.0um  RADIOMETER  SPECIFICATIONS  (U) 


Optics 

Germanium  (four  element 

lens) 

F/0.8 

FOV 

10° 

Detector  I FOV 

4.2  mr  x  0.66  mr 

Blur  circle 

0.66  mr 

Focal  length 

8.1  cm 

Diameter 

10.2  cm 

Filter 

8-12um 

Detectors 

Photoconductive  HgCdTe 

<DV 

2  x  1010  cm  Hz1/2/W 

Number  of  detectors 

10 

Detector  size 

.034  x  .005  cm 

Operating  temperature 

77  K 

Signal  Processing 

Bandwidth 

2-10000  Hz 

Threshold  detection 

Unclassified 
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TABLE  2  (U) 
3.5-5. 2ym  RADIOMETER  SPECIFICATIONS  (U) 


Optics 

Arsenic  Trisulphide  meniscus  lens 

F/3 

FOV 

5° 

Detector  IFOV 

5.87  mr 

Blur  circle 

2.4  mr 

Focal  length 

5.63  cm 

Diameter 

1.87  cm 

Filter 

3.5-5.2ym 

Detector 

Photovoltaic  HgCdTe  (D*A  ) 

7  x  1010cm  Hz^2/W 

Detector  size 

-2 
3.3  x  10  '  cm 

Detector  area 

8.6  x  10"4  cm2 

Operating  temperature 

77  K 

Signal  Processing 

Bandwidth 

10-10000  Hz 

Threshold  detection 
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HgCdTe  detectors  each  subtending  a  solid  angle  of  0.66  mr  in  azimuth  by 
4.20  mr  in  elevation  for  a  total  array  field  of  view  of  2.6°.  The  signals 
were  amplified,  monitored  for  threshold  crossings  and  recorded  on  a  wide 
band  FM  tape  recorder.  The  signal  bandwidth  was  2-10000  Hz.  Table  1  lists 
the  specifications  of  this  radiometer. 

The  second  radiometer,  which  operated  in  the  3.5-5.2um  waveband  em- 
ployed a  meniscus  objective  lens  of  AsS,  with  a  blur  circle,  limited  by 
spherical  aberration,  of  2.4  mr.  The  photovoltaic  HgCdTe  detector  subtended 
a  circular  FOV  of  5.87  mr.  The  signal  was  amplified,  monitored  for  threshold 
crossings  and  recorded.  Table  2  details  the  specifications  and  Figure  2  is 
a  block  diagram  of  this  system. 

3.   INFRARED  MEASUREMENTS 

The  purpose  of  these  experiments  was  to  measure  simultaneously  the 
8.0-12.0ym  radiance  distribution  across  the  length  of  the  projectile  and 
the  total  3.5-5.2um  radiant  intensity.  Figure  3  illustrates  the  measure- 
ment technique.   Inert  US  Ml  105  mm  and  M107  155  mm  howitzer  projectiles 
were  fired  on  a  flat  trajectory  into  a  large  mound  of  earth  approximately 
100  m  from  the  cannon.  The  projectile  muzzle  velocities  varied  from  195  m/s 
(subsonic)  to  564  m/s  (supersonic) .  A  breakwire  placed  across  the  muzzle 
of  the  cannon  was  used  to  generate  a  "T  "  or  start  pulse.  This  start  pulse 
was  recorded  (cf .  Figures  1  and  2)  and  used  during  data  reduction.  The 
infrared  radiometers  were  mounted  in  a  small  truck  located  approximately 
66  meters  downrange  from  the  cannon  and  46  meters  away  from  the  trajectory. 
This  distance  minimized  the  effect  of  the  muzzle  flash  on  the  measurement. 
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Fig.    3.     The  infrared  signature  experiment. 
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An  infrared  backdrop  which  was  painted  with  3M  Next el  Velvet  #110-A10  white 
paint  was  located  10  meters  behind  the  path  of  the  trajectory.  The  white 
paint  prevented  the  backdrop  from  solar  heating  while  maintaining  a  refer- 
ence background  radiance  for  the  measurements.  The  IR  backdrop  temperature 
was  monitored  with  thermocouples.  The  reference  radiance  from  this  surface 
was  approximately  95-971  of  that  of  a  blackbody  at  the  same  temperature. 
(U)  Projectile  initial  temperature  and  propellant  charge  level  (muzzle 
velocity)  were  recorded  prior  to  firing.  The  change  in  radiance  (8.0-12.0um) 
and  the  change  in  radiant  intensity  (3.5-5.2um)  with  respect  to  the  infrared 
backdrop  were  recorded  on  an  analog  tape  recorder.  Calibration  and  bore- 
sighting  of  the  two  IR  sensors  were  performed  with  a  chopped  blackbody 
placed  at  the  intersection  of  the  projectile  trajectory  and  the  field  of 
view  of  the  instrument.  This  calibration  technique  minimized  the  effect 
of  atmospheric  attenuation  on  the  measurement. 

(C)  An  example  of  the  simultaneous  infrared  measurements  is  shown  in 
Figure  4.  The  oscilloscope  trace  represents  the  analog  output  of  the  two 
infrared  radiometers.  The  upper  trace  is  the  resolved  apparent  radiance 
profile  in  the  8.0-12.0um  region  of  a  US  Ml  105  mm  howitzer  projectile 
fired  at  a  muzzle  velocity  of  465  m/s.  The  lower  trace  is  the  3.5-5.2um 
signal.  It  should  be  noted  that  the  peak  signal  in  each  waveband  coincides 
with  the  position  of  the  rotating  band  on  the  projectile. 
(U)  The  "T  "  pulse  which  was  produced  by  firing  the  projectile  was  used 
to  initiate  the  digitization  of  the  data  on  the  analog  magnetic  tape.  The 
tapes  were  digitized  to  a  12  bit  resolution  and  the  analysis  of  this  data 
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was  performed  on  a  general  purpose  computer. 

4.   INFRARED  DATA 

(U)  The  component  parts  of  both  US  artillery  projectiles  are  shown  in 
Figure  5.  The  infrared  emissivity  in  the  8.0-13.0ym  region  of  each  of 
these  components  was  measured  with  a  commercial  radiometer  in  a  separate 
experiment  at  Lincoln  Laboratory  and  the  projected  area  at  a  90°  aspect 
angle  was  calculated.  Table  3  lists  the  emissivity  and  area  for  all  of 
these  components. 

(C)  Consistent  with  earlier  presentations  of  projectile  infrared  signa- 

6  7  8 
tures  '  '  ,  the  total  radiant  intensities  of  both  projectiles  as  calculated 

from  the  resolved  IR  data  shown  in  Figure  4  are  presented  in  this  paper. 
Figures  6,  7  and  8  are  the  radiant  intensities  of  a  projectile  as  a  function  of 
'  muzzle  velocity.  It  should  be  noted  that  the  data  are  separated  according 
to  the  initial  temperature  of  the  projectile  and,  in  the  case  of  the 
8. 0-12. Oum  measurements,  according  to  sky  condition.  The  radiant  intensity 
due  to  the  initial  (i.e.,  prior  to  launch)  temperature  represents  approxi- 
mately 70%  of  the  post  launch  radiant  intensity  in  the  8. 0-12. Oum  wave- 
band. The  reflection  of  sky  radiance  also  affects  the  infrared  signature. 
This  is  evident  in  the  small  difference  between  clear  and  overcast  infrared 

a 

signatures. 

(C)  There  are  several  conclusions  which  can  be  drawn  from  examining  these 
data.  It  appears  that  the  8. 0-12. Oum  radiant  intensity  is  weakly  related 
to  muzzle  velocity.  There  was  little  opportunity  for  the  projectile 
temperature  to  increase  due  to  aerodynamic  heating  since  the  measurements 
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were  made  120  to  340  msec  after  firing.  The  spatially  resolved  measurements 
in  the  8.0-12.0ym  region  were  used  to  determine  the  actual  (thermodynamic) 
temperature  profile  across  each  projectile.  Tables  4  and  5  list  the  ther- 
modynamic temperature  increases  of  the  various  components  parts  as  a 
function  of  projectile  muzzle  velocity.  The  most  dramatic  temperature 
increase  is  that  associated  with  the  copper  rotating  band.  This  band  is 
deformed  and  heated  by  friction  when  the  projectile  passes  through  the 
rifling  of  the  cannon.  The  band  is  the  primary  source  of  radiation  in  the 
3.5-5.2ym  region.  This  fact  is  confirmed  by  the  correlation  of  measured 
thermodynamic  temperature  of  the  band  derived  with  the  8.0-12.0um  radio- 
meter and  total  radiant  intensity  measurements  made  with  the  3.5-5.2um 
radiometer  (cf .  Tables  4  and  Figure  6) . 

5.   SPECTRAL  RADIANT  INTENSITY  NDDEL 

(C)  A  model  for  the  distribution  of  radiation  with  respect  to  wavelength 
for  each  of  the  projectiles  at  specified  muzzle  velocities  is  proposed. 
The  projectile  is  broken  down  into  its  component  parts  with  each  component 
being  treated  as  a  greybody  at  the  thermodynamic  temperatures  specified  in 
Tables  4  and  5.  The  component  emissivity  and  area  are  listed  in  Table  3. 
The  spectral  radiant  intensity  from  a  greybody  radiator  is: 

h  -   .*.  Ei  V1   C-C?/XT.   >  W'sr  •m  <« 

1=1    it  X  -    e  2'   l-l 


where : 


C,     =     first  radiation  constant,   3.74  x  10      W  ym 

2 
cm 


•   < 
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2A 

36 

2 

cm 

284 

2 
cm 

24 

2 
cm 

78 

2 
cm 

TABLE  3  (C) 

INFRARED  EMISSIVITY  AND  PROJECTED  AREA  FOR  THE  COMPONENT 
PARTS  OF  US  ARTILLERY  PROJECTILES  (U) 


US  Ml  105  mm 

h 

Fuze  0.3  +  0.04 
Body  0.9  +  0.03 
Rotating  Band  0.2  +  0.04 
Tail         0.9  +  0.03 

US  M107  155  mm 

e  A 

Fuze  0.3+0.04  36  cm2 

Body  0.9  +  0.03  660  cm2 

Rotating  Band  0.2+0.04  41  cm2 

Tail  0.9+0.03  126  cm2 

Note:  1.  Infrared  emissivity  measured  in  8.0-13.0ym  region. 
2.  Area  calculated  for  90°  aspect  angle. 
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TABLE  4  (C) 

THERMODYNAMIC  TEMPERATURE  INCREASE  OF  THE  COMPONENT  PARTS  OF  A 
US  ML  105  mm  ARTILLERY  PROJECTILE  AS  A  FUNCTION  OF  MUZZLE  VELOCITY  (U) 

Muzzle  Velocity  (m/s) 
Component     195     212     233     262     302     366     456 

Fuze  2°C  1°C  1°C  9°C  8°C  18°C  27°C 

Body  3°C  3°C  3°C  7°C  7°C  16°C  22°C 

Rotating  Band  274°C  274°C  274°C  274°C  255°C  255°C  244°C 

Tail  19°C  19°C  19°C  19°C  18°C  27°C  31°C 


Note:  Standard  deviation  +  101  or  +  1°C  whichever  is  larger. 
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TABLE  5   (C) 

THERMODYNAMIC  TEMPERATURE  INCREASE  OF  THE  COMPONENT  PARTS  OF  A  US 
Ml 07  155  mm  ARTILLERY  PROJECTILE  AS  A  FUNCTION  OF  MUZZLE  VELOCITY  (U) 

Muzzle  Velocity 


Component 

268m/s 

375m/s 

564m 

Fuze 

6°C 

12°C 

25°C 

Body 

6°C 

12°C 

25°C 

Rotating  Band 

270°C 

250°C 

241°C 

Tail 

16°C 

48°C 

44  °C 

Note:  Standard  deviation  +  10%  or  +  1°C  whichever  is  larger. 
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4 
C2  =  second  radiation  constant,  1.44  x  10  urn  K 

X  =  wavelength,  ym 

T.  =  absolute  temperature  of  the  i   component,  K 

A.  =  area  of  the  i   component,  cm 

e.  =  emissivity  of  the  i   component 

Examples  of  the  spectral  radiant  intensity  calculated  for  both  the  artillery 
projectiles  are  given  in  Figures  9,  10,  11  and  12.  Note  that  in  this 
model,  the  rotating  band  contributes  the  most  significant  portion  of  the 
spectral  radiant  intensity  in  the  3.5-5.2um  atmospheric  window.  This  con- 
tribution is  most  significant  when  the  projectiles  are  fired  at  the  lower 
charge  levels.  In  the  8. 0-12. Oym  region  the  body  of  the  projectile 
contributes  almost  two  thirds  of  the  total  spectral  radiant  intensity. 
(U)  A  comparison  between  the  integrated  spectral  radiant  intensity  (model) 
and  the  measured  radiant  intensity  can  now  be  performed.  The  radiant 
intensity  can  be  calculated: 


■/ 


1=1   Ix  (A)  dX  (2) 

Xl 

where : 

« 

I    =  radiant  intensity 

1(A)  =  spectral  radiant . intens ity 

Table  6  compares  the  radiant  intensity  calculated  from  the  model  with 

f\    7 

measurements  performed  in  both  September-October  1977  and  March  1977  '  . 
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Fig.  9.  The  spectral  radiant  intensity  * 
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Fig.  11.  The  spectral  radiant  intensity 
model  of  the  US  NEL07  155  mm  howitzer  pro- 
jectile fired  at  a  muzzle  velocity  of 
375  m/s  (charge  5W) .   (U) 
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Fig.  12.  The  spectral  radiant  intensity 
model  of  the  US  NDL07  155  mm  howitzer  pro- 
jectile fired  at  a  muzzle  velocity  of 
564  m/s  (charge  7W) .   (U) 
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TABLE  6  (C) 
A  COMPARISON  OF  THE  RADIANT  INTENSITY  OF  ARTILLERY  PROJECTILES  (U> 


Projectile 


Muzzle 
Velocity- 


Spectral  Radiant 
Intensity  Model 


Measurement 


Waveband : 

8.0-12. Oym 

105  mm 

262  m/s 

1.42  W/sr 

21.62 

+ 

0.03  W/sr 

1.72 

+ 

0.09  W/sr 

31.8 

+ 

0.2  W/sr 

105  mm 

465  m/s 

1.85 

1.83 

+ 

0.06  W/sr 

1.87 

+ 

0.01  W/sr 

155  mm 

375  m/s 

3.22  W/sr 

3.05 

+ 

0.1  W/sr 

43.5 

+ 

0.2  W/sr 

155  mm 

564  m/s 

3.61  W/sr 

3.57 

+ 

0.1  W/sr 

Waveband : 

3.5-5.2Lim 

105  mm 

262  m/s 

0.23  W/sr 

0.21 

+ 

0.02  W/sr 

30.16 

+ 

0.03  W/sr 

105  mm 

465  m/s 

0.26  W/sr 

0.21 

+ 

0.02  W/sr 

155  mm 

375  m/s 

0.38  W/sr 

40.4 

+ 

0.05  W/sr 

155  mm 

564  m/s 

0.41  W/sr 

Notes : 

1.  The  model  does  not  include  reflected  earth  or  sky  radiance.  The  model 
calculations  are  based  on  the  same  projectile  initial  temperature  as 
the  measurements. 

2.  Clear  sky  condition. 

3.  Measurement  performed  at  MV  =  212  m/s  at  a  projectile  initial  temperature 
of  280  K  with  an  overcast  sky  in  March  1977  (reported  in  ref .  6  and  7) . 

4.  Measurement  performed  at  MV  -  235  m/s  at  a  projectile  initial  temperature 
of  276  K  with  an  overcast  sky  in  March  1977  (reported  in  ref.  6  and  7) . 
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It  should  be  noted  that  the  model  does  not  include  reflected  earth  or  sky  ^^ 

radiance  and  therefore  the  calculated  radiant  intensity  in  the  8.0-12.0vmi 
region  is  best  compared  to  the  measurements  during  clear  sky  conditions. 
The  model  and  measurement  agree  to  within  12%  in  the  8.0-12.0ym  region 
while  in  the  3. 5-5. 2um  region  the  agreement  is  from  5%  to  28%.  This  differ- 
ence may  arise  from  assuming  that  the  emissivity  in  both  wavebands  was 
identical. 

6.   INFRARED  CONTRAST 

An  infrared  mortar  or  artillery  locator  utilizes  the  infrared  contrast 
for  projectile  detection.  The  infrared  contrast  is  defined  as  the  change 
in  radiant  intensity,  AI,  produced  by  a  projectile  of  radiant  intensity,  I, 
passing  through  the  field  of  view  of  an  infrared  detector  which  is  viewing 
a  background  radiance,  L  .  The  expression  for  the  infrared  contrast  is:  ^ 

AI  -  I  ♦  [Ls  aiFQV  R2   -  Ls  Aj]  -  Ls  niFOV  R2  (3) 

or 

AI  =  I  -  Ls  Aj.  (4) 

where : 

AI    =  projectile  infrared  contrast,  W/sr 

I     =  projectile  radiant  intensity,  W/sr 

2 
L     =  background  radiance,  W/cm  sr 

2 
Aj.    =  projected  area  of  the  projectile,  cm 

ftjPQY  =  solid  angle  of  a  single  detector  FOV,  sr 
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TABLE  7  (U) 
LOWTRAN  IV  MID- LATITUDE  SUMMER  AND  WINTER  ATMOSPHERIC  PARAMETERS  (U) 

Mid~ Latitude  Summer 

Ambient  air  temperature 

Absolute  humidity 

Visibility 

Mid" Latitude  Winter 

Ambient  air  temperature 

Absolute  humidity 

Visibility 
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TABLE  8  GJ) 
LOWTRAN  IV  ATMOSPHERIC  RADIANCE  PREDICTIONS  FOR  MID-LATITUDE  SUMMER  (U) 

WAVEBAND                     ANGLE  RADIANCE* 

3.5-4.16ym                   1°  19.4 

5°  15.8 

4.0-5.0um                    1°  97.4 

5°  94.2 

4.56-5.0ym                   1°  59.8 

5°  58.8 

3.5-5.2ym                    1°  152 

5°  150.5 

8.0-12. Oym                   1°  "  3200 

5°  3180 


2 
*yW/cm  sr 
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TABLE  9  (U) 
LOWTRAN  IV  ATMOSPHERIC  RADIANCE  PREDICTIONS  FOR  MID-LATITUDE  WINTER  (U) 

WAVEBAND                    ANGLE  RADIANCE* 

3.5-4.16ym                   1°  6.05 

5°  4.6 

4.0-5. Oym                    1°  39.2 

5°  35.3 

4. 56-5. Oym                   1°  33.05 

5°  26.9 

3.5-5.2ym                    1°  62.2 

5°  58.5 

8. 0-12. Oym                   1°  1810 

5°  1230 


2 
*yW/cm  sr 
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TABLE  10  (C) 

INFRARED  RADIANT  INTENSITY  AND  CONTRAST  OF 
US  Ml  105  mm  HOWITZER  PROJECTILE  (U) 


Muzzle  Velocity  =  262  m/s 


RADIANT 

ELEVATION 

INFRARED 

WAVEBAND 

SEASON 
Winter 

INTENSITY* 
5.24  x  10" 2  W/sr 

ANGLE 

CONTRAST* 

3.5-4.16ym 

1° 

4.98  x  10" 

5° 

5.05  x  10' 

Summer 

7.55  x  10" 2  W/sr 

1° 

5° 

6.73  x  10' 
6.88  x  10" 

4.0-5.0ym 

Winter 

1.15  x  10"1  W/sr 

1° 
5° 

9.84  x  10' 
1.0  x  10" 

Summer 

1.71  x  10"1  W/sr 

1° 
5° 

1.3  x  10' 
1.31  x  10" 

4.56-5.0ym 

Winter 

5.72  x  10"1  W/sr 

1° 
5° 

4.32  x  10' 
4.58  x  10' 

Summer 

8.59  x  10"1  W/sr 

1° 
5° 

6.07  x  10' 
6.11  x  10 

3.5-5.2ym 

Winter 

1.82  x  10"1  W/sr 

1° 
5° 

1.56  x  10 

1.57  x  10 

Summer 

2.69  x  10"1  W/sr 

1° 
5° 

2.05  x  10 

2.06  x  10 

8.0-12.0ym 

Winter 

1.12  W/sr 

1° 
5° 

3.61  x  10 
6.06  x  10 

Summer 

1.58  W/sr 

1° 
5° 

2.29  x  10 
2.37  x  10 

-2 
-2 


-2 


-1 


-1 


-2 
-2 

-2 
-2 


-1 


-1 


W/sr 
W/sr 

W/sr 
W/sr 

W/sr 
W/sr 

W/sr 
W/sr 

W/sr 
W/sr 

W/sr 
W/sr 

W/sr 
W/sr 

W/sr 
W/sr 

W/sr 
W/sr 

W/sr 
W/sr 


*Assumes  90°  aspect  angle 
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TABLE  11  (C) 

INFRARED  RADIANT  INTENSITY  AND  CONTRAST  OF 
US  M107  155  mm  HOWITZER  PROJECTILE  (XI) 


Muzzle  Velocity  =  375  m/s 
WAVEBAND 


RADIANT 
SEASON     INTENSITY* 


3.5-4.16ym   Winter  7.27  x  10   W/sr 

Summer  1.13  x  10_1  W/sr 

4.0-5. Oum    Winter  1.80  x  10_1  W/sr 

Summer  2.88  x  10"1  W/sr 

4.S6-5.0ym   Winter  9.33  x  10"2  W/sr 

Summer  1.5  x  10   W/sr 

3.5-5.2mjti    Winter  2.82  x  10"1  W/sr 

Summer  4.48  x  10_1  W/sr 

8.0-12.0ym    Winter  2.27       W/sr 


Summer    3.18 


*Assumes  90°  aspect  angle 


W/sr 


ELEVATION 
ANGLE 

1° 
5° 

1° 
5° 

1° 
5° 

1° 

5° 

1° 

5° 

1° 

5° 

1° 
5° 

1° 
5° 

1° 
5° 

1° 
5° 


INFRARED 
CONTRAST* 


6.75 
6.87 

9.64 
9.95 

1.46 
1.50 

2.04 
2.06 

6.48 
7.01 

9.84 
9.92 

2.28 
2.31 

3.17 
3.18 

7.03 
1.20 

4.14 
4.32 


x  10 
x  10" 

x  10' 
x  10" 

x  10 
x  10 

x  10 
x  10 

x  10 
x  10 

x  10 
x  10 

x  10 
x  10 

x  10 
x  10 

x  10' 

x  10' 
x  10 


-2 


-1 
-1 

-1 
-1 

-2 
-2 


-2 


-1 
-1 


-1 


-1 


W/sr 
W/sr 

W/sr 
W/sr 

W/sr 
W/sr 

W/sr 
W/sr 

W/sr 
W/sr 

W/sr 
W/sr 

W/sr 
W/sr 

W/sr 
W/sr 

W/sr 
W/sr 

W/sr 
W/sr 
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R   =  range  to  the  target,  an 

The  spectral  radiant  intensity  model  described  by  equation  1  can  be 
used  with  the  AFGL  LOWTRAN  IV  atmospheric  radiance  model  to  calculate  the 
projectile  contrast  when  viewed  against  a  blue  sky  background.  The  inputs 
to  the  LOWTRAN  IV  radiance  model  are  the  standard  mid- latitude  summer  and 
winter  parameters  with  a  visibility  of  30  km.  These  atmospheric  parameters 
are  listed  in  Table  7.  The  LOWTRAN  IV  atmospheric  radiance  predictions  for 
two  slant  path  angles  (1°  and  5°)  are  shown  in  Tables  8  and  9.  Atmospheric 
radiant  measurements  generally  agree  with  these  predictions  '  *  *  * 

The  predicted  projectile  radiant  intensities  and  infrared  contrasts 
are  listed  in  Tables  10  and  11.  These  calculations  are  for  a  subsonic 
105  mm  and  a  supersonic  155  mm  howitzer  projectile  .   A  comparison  between 
the  infrared  contrast  in  the  3.5-5.2ym  waveband  with  the  contrast  in 
narrower  bands  in  the  same  region  indicates  that  the  3.5-4.16ym  IR  contrast 
is  about  30-331  of  the  contrast  in  the  3.5-5.2um  waveband.  Similarly,  the 
contrast  in  the  4.0-S.Oym  region  is  63-65%  and  28-31%  in  the  4.56-5.0ijm 
as  referenced  to  the  3.5-5.2um  waveband.  When  the  projectiles  are  viewed 
against  a  cloud  or  sunlit  cloud  background  the  contrasts  are  reduced  and, 
depending  on  the  effective  cloud  reflectivity,  the  contrast  can  go 
negative. 

7.  CONCLUSIONS 

Resolved  radiance  measurements  were  performed  and  used  to  calculate 
the  infrared  radiant  intensity  in  the  8.0-12.0um  and  3. 5-5. 2ym  wavebands 
of  US  artillery  projectiles.  A  model  describing  the  distribution  of 
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radiant  intensity  along  the  centerline  axis  for  these  projectiles  has  been 
proposed.  The  results  of  this  model  are  in  excellent  agreement  with  previous 
point  source  (1-4  km  range)  measurements  in  the  8.0-12.0ym  region  and  are 
a  good  representation  of  similar  3.5-5.2ym  signature  measurements.  The 
present  model  identifies  the  rotating  band  as  the  major  source  of  radiant 
intensity  in  the  3.5-5.2ym  region.  Furthermore,  the  model  can  be  used  to 
scale  the  projectile  signature  at  a  variety  of  initial  projectile  tempera- 
tures and  aspect  angles.  Finally,  the  model  will  allow  the  calculation 
of  projectile  radiant  intensity  in  narrow  portions  of  the  8.0-12.0um  and 
3.5-5. 2ym  atmospheric  windows  from  the  derived  spectral  radiant  intensity 
curves . 
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IV.     IR    PROJECTILE  TRACKING 

A.  INTRODUCTION 

[U]  The  infrared  (IR)  projectile -tracking  system  is  based  upon  the  detection  of  IR  radiation 

emitted  by  an  in-flight  artillery  or  mortar  projectile.     A  horizontal  array  of  IR  detectors  pro- 
vides azimuth  and  elevation  information  and  cues  a  laser  ranger  to  measure  the  range  to  the 
projectile.     These  measurements  are  performed  at  two  or  three  elevation  angles,   and  the  tra- 
jectory data  are  used  to  locate  the  position  of  the  tube  (see  SATSR  dated  31  July  1975,   p.  45, 
DDC   AD-C004725). 

1  -4 
[U]  This  concept  has  been  successfully  demonstrated  and  the  results         of  these  tests  have 

been  analyzed    '     and  reported.      The  responsibility  for  further  development  has  been  assumed 

by  the  U.S.   Army  Night  Vision  Laboratory  (NVL)  with  Lincoln  Laboratory  providing  technical 

support  which  includes  collection  and  analysis  of  IR  signature  data  for  artillery  projectiles, 

evaluation  of  the  relative  merits  of  projectile  detection  in  the  8-  to  12-jim  and  3.5-  to  5.2-^m 

wavebands,   and  participation  in  contractor  proposal  evaluation. 

[UJ  Passive  IR  signature  measurements  of  artillery  projectiles  were  obtained  at  the  Hesse 

Eastern  Test  Range  at  Camp  Edwards  on  Cape  Cod,    Massachusetts  during  September  and  Octo- 
ber 1977.     These  measurements  were  performed  on  subsonic  and  supersonic  105-  and  155-mm 
projectiles  passing  the  sensors  at  a  range  of  50  m,    and  show  the  functional  dependence  of  the 
IR  signature  on  initial  projectile  velocity  (or  propellant  charge).     In  addition,   the  spatially  re- 
solved IR  signature  of  the  projectile  has  provided  a  clear  picture  of  the  apparent  temperature    ^m 
distribution  along  the  length  of  the  projectile.  ~&r 

[U]  Evaluation  of  several  contractor  proposals  for  an  IR  countermortar  system  design  study 

has  been  completed  by  NVL  with  assistance  by  Lincoln  Laboratory.     The  NVL  contract  is  sched- 
uled for  award  in  early  1978. 

B.  ARTILLERY  SIGNATURE    MEASUREMENTS 

[U]  A  limited  IR  signature  data  base  on  low-velocity  artillery  projectiles  was  obtained  pre- 

viously (see  Ref.  7,  pp.  29-31).     After  analysis  of  these  results,  we  decided  to  extend  the  mea- 
surement signature  of  these  projectiles  to  establish  the  dependence  of  the  IR  signature  on 
initial  projectile  velocity.     Therefore,   a  series  of  IR  signature  measurements  at  both  8  to  12 
and  3.5  to  5.2  ^m  were  made  on  the  U.S.    105-  and  155-mm  howitzer  projectiles. 

[U]  The  IR  sensor  was  modified  to  increase  the  electronic  bandwidth  by  two  orders  of  magni- 

tude,  and  the  IR  detector  (8  to  12  Km)  array  was  rotated  90"  to  form  a  vertical  fence.     The  8-  to 
12-^m  resolution  was  approximately  3"cm  along  the  length  of  the  projectile,   but  the  width  was 
unresolved.     These  high-resolution  measurements  of  radiance  permitted  the  calculation  of 
apparent  temperature  (8  to  12  Hm)  as  a  function  of  position  along  the  projectile.     The  total  equiv- 
alent radiant  intensity  of  the  projectile  was  also  computed.     The  field-of-view  of  the  3.5-  to 
5.2-^j.m  sensor  was  increased  so  that  the  projectile  remained  unresolved  at  50  m. 
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Fig.IV-i.     IR  contrast  of  U.S.    Ml  105-mm  howitzer  projectile 
(8  to  12  lliti).     [U] 
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Fig.  IV-2.     [R  contrast  of  U.S.    M107  155-mm  howitzer  projectile 
(8  to  12  LLm).     [U| 
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[U]  The  artillery  projectiles  were  fired  from  weapons  located  approximately  60  m  down- 

range  from  the  sensor,    and  the  measurements  were  performed  on  the  projectiles  as  they  passed 
in  front  of  a  calibrated  IR  backdrop  at  a  range  of  approximately  45  m  and  at  projectile  velocities 
between  195  and  564  m/sec.     The  data  were  recorded  on  an  analog  tape  recorder  and  transcribed 
into  a  digital  format  at  Lincoln  Laboratory  for  analysis. 

[C]  The  total  equivalent  change  in  radiant  intensity  (IR  contrast)  is  plotted  as  a  function  of 

projectile  muzzle  velocity  in  Figs.  IV-1  through  IV-3.     There  are  several  conclusions  which  can 
be  drawn  from  examining  these  contrast  data.     It  appears  that  the  8-  to  12 -Lim  IR  contrast  is 
weakly  related  to  muzzle  velocity  and  also  to  the  sky  radiance.    For  the  105-mm  projectile,   the 
data  indicate  that  the  contrast  in  the  8-  to  12-Lim  region  increased  10  to  15  percent  when  going 
from  a  clear  sky  condition  to  an  overcast  condition  as  a  result  of  the  change  in  the  reflected  sky 
radiance.     The  3.5-  to  5.2 -u.m  signature  is  almost  independent  of  initial  muzzle  velocity  (except 
at  a  MV  =  46  5  m/sec)  and  sky  radiance.     This  can  be  explained  if  the  primary  3.5-  to  5.2 -urn 
signature  contribution  originates  at  the  obturator  band.     This  copper  band  is  deformed  and 
heated  by  friction  when  it  passes  through  the  rifling  of  the  cannon.     It  is  therefore  reasonable 
to  assume  that  the  signature  is  only  a  function  of  the  size  of  this  obturator  band.     This  conclu- 
sion is  supported  by  earlier  data  (see  Ref.  7,   pp.  29-31)  and  the  apparent  temperature  distribu- 
tions across  the  projectile. 


Fig.  IV-3.  IR  contrast  of  U.S.  Ml 
105-mm  howitzer  projectile  (3.5  to 
5.2  urn).     [U] 
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[C]  Examples  of  the  8-  to  12-Lim  apparent  temperature  distribution  along  the  artillery  pro- 

jectiles are  shown  in  Fig.  IV-4.     There  is  a  correlation  between  the  constant  8-  to  12-Lim  appar- 
ent temperature  increase  of  approximately  50"C  for  the  obturator  band  and  the  constant  3.5-  to 
5.2-Lim  signature  for  these  same  projectiles  shown  in  Fig.  IV-3.     The  peak  apparent  temperature 
(8  to  12  p-m)  decreased  for  charge  7  (MV  =  465  m/sec)  and  may  account  for  the  unexpected  de- 
crease in  3.5-  to  5.2 -Lim  contrast  at  this  muzzle  velocity.     Finally,   there  appears  to  be  an  in- 
crease in  projectile  surface  temperature  across  the  entire  projectile  at  higher  muzzle  velocities. 
The   data  obtained   in  these   experiments  are  consistent  with  those  obtained  earlier  (Ref.  7, 
pp.  29-31). 
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Fig.  IV-4.  Apparent  temperature 
(8  to  12  p.m)  increase  of  artillery 
projectiles.     [UJ 
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Fig.  rV-5.     IR  operational  utility.     [UJ 
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C.  COMPARISON   OF   PROJECTILE   DETECTION   IN   3.5-   TO  5i-(im 
AND   8-    TO   12-nm   WAVEBANDS 

[C]  A  detailed  comparison  of  projectile  detection  in  the  3.5-  to  5.2-ji.m  and  8-  to  12-p.m  wave- 

bands was  undertaken.    A  figure  of  merit  which  is  a  function  of  (Projectile  IR  Contrast  x  Detector 
Sensitivity  x  Atmospheric  Attenuation)  was  defined  and  evaluated.    The  conclusion  was  that  there 
was  no  striking  difference  in  projectile-tracking  ability  in  the  two  bands.     This  was  quantified  by 
an  operational  utility  study  of  two  potential  systems,   with  results  as  shown  in  Fig.  IV-5. 

D.  SYSTEM   DESIGN   STUDY 

[UJ  The  Army  NVL  has  issued  a  request  for  proposals  for  a  design  study  of  an  advanced  IR 

mortar-location  system.-    Lincoln  Laboratory  has  supported  NVL  in  this  area  by  assisting  in 
preparing  the  work  statement,   and  releasing  an  information  package  to  NVL  bidders  which  in- 
cluded projectile  signatures,   laser  radar  studies,   CEP  error  analysis,   and  operational  utility 
analyses.     Lincoln  Laboratory  also  presented  a  technical  briefing  to  interested  potential  bidders 
at  NVL.     Evaluation  of  bidders1  proposals  is  now  under  way,  with  contract  awards  anticipated 
in  early  1978. 

E.  SUMMARY 

(U]  A  better  understanding  of  the  source  of  the  8-  to  12-jim  and  3.5-  to  5.2-p.m  IR  contrast 

of  artillery  projectiles  has  emerged  as  a  result  of  the  recent  experiments  at  Camp  Edwards. 
The  significance  of  reflected  sky  radiance  as  well  as  initial  muzzle  velocity  have  been  investi- 
gated,  and  a  more  sophisticated  projectile  signature  model  can  now  be  developed. 

[U]  Project  responsibility  has  been  transferred  to  the  Army  NVL,   with  Lincoln  Laboratory 

continuing  to  support  NVL  with  signature  analysis  and  system  analysis.     Lincoln  Laboratory  will 
also  work  with  NVL  and  the  successful  bidders  in  the  IR  mortar-location  system  design  study, 
providing  technical  assistance  and  consultation. 
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V.     TWO-COLOR  IR  ACQUISITION  TECHNIQUES 


INTRODUCTION 


[C|  The  program  for  the  development  of  IR   autonomous  target-detection  techniques   is 

currently  in  its  third  year;   the  fundamental  concepts  which  led  to  the  development  of  a  Two- 
Color  measurement  sensor  and  the  results  of  past  field  experiments  have  been  discussed  in 
previous  SATSRs.     This  program  derives  its  primary  support  from  DARPA/TTO  and  the  Army, 
with  supplemental  support  originating  from  cooperative  experiments  with  the  Army  Armaments 
Research  and  Development  Command  (ARADCOM)  and  the  Navy  Electro-Optical  Test  Program 
Office  (EOTPO).     Since  the  last  reporting  period,   five  major  tasks  have  been  completed: 

(1)  The  T-62  tank  data  obtained  at  Ft.  Hood  in  June  of  this  year  have  been 
analyzed  and  the  results  presented  to  ARADCOM. 

(2)  The  Two-Color  experimental  sensor  was  mounted  in  a  helicopter  along 
with  a  tracking  television  system  to  facilitate  the  collection  of  digital  IR 
data  at  tactical  ranges  and  aspect  angles. 

(3)  A  field  experiment  was  conducted  at  the  Redstone  Arsenal  at  Huntsville, 
Alabama  in  which  target  signatures  for  the  M-48  tank  were  obtained  at 
ranges  of  1.2  to  3  km  at  both  20"  and  50°  depression  angles. 

(4)  Data  were  taken  with  a  spiral  scan  Two-Color  seeker  (PIRS)  provided 
by  Martin  Marietta,   and  a  preliminary  assessment  was  made  of  the  im- 
provement that  can  be  achieved  using  decision  theory  over  simpler 
fixed-threshold  techniques. 

(5)  A  new  data-analysis  technique  was  developed  which  will  replace  the  tar- 
get implantation  approaches  to  date.     This  new  method  involves  the 
manipulation  of  the  measured  background  histograms  and  the  predicted 
target-distribution  functions  to  determine  the  performance  of  spatial 
filters  against  selected  background. 

B.      FOREIGN  TANK   MEASUREMENT  RESULTS 

[C]  In  the  last  SATSR,  an  experiment  was  described  in  which  horizontal  aspect  data  were 

collected  for  a  Soviet  T-62  tank  at  Ft.  Hood,   Texas.     The  operating  tank  was  viewed  from  all 
aspects  at  ranges  from  0.1  to  0.6  km.    Figure  V-l  illustrates  the  range  dependence  of  the  peak 
target  pixel  differential  temperature  as  a  function  of  aspect  as  measured  by  the  Two-Color 
system.     This  plot  was  generated  by  a  computer  code  which  degrades  the  high-resolution,   short- 
range  data  to  simulate  images  acquired  at  longer  ranges.     Since  the  tank  body  does  not  have  a 
uniform  temperature  but  rather  is  made  up  of  a  number  of  oddly  shaped  hot  areas,   the  range 
dependence  follows  no  simple  scaling  law.     An  IR  picture  of  the  right  side  of  the  T-62  is  shown 
in  Fig.  V-2. 

[C|  Both  experimental  and  extrapolated  data  were  used  to  generate  the  detection  probability 

functions  appearing  in  Fig.  V-3.     This  plot  represents  the  ability  to  detect  the  T-62  tank  from 
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8  June  1977.    1400  hr.     [CI 


100  200  300  400  500  600 

RANGE  (m) 


0'iCi  "SifiEO 


Fig.V-2.     T-62  tank  IR  image.     [U] 
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Fig.V-3.     T-62  tank  detection  probability.     [C] 

the  front  aspect  in  the  highly  cluttered  terrain  found  at  the  Ft.  Hood  test  site.     The  detection 
probability  is  a  sensitive  function  of  both  the  tank  signature  and  the  clutter  levels.     These,    in 
turn,   are  sensitive  functions  of  the  solar  loading,   previous  thermal  history,   wind  conditions, 
etc.     Thus,   detection  at  night  is  facilitated  by  the  very  low  clutter  levels  of  the  background,   and 
the  high  thermal  mass  of  the  tank.     At  dawn,   a  washout  of  thermal  contrast  can  occur  when  the 
background  and  tank  are  both  tied  to  the  ambient  temperature.     During  the  day,   as  the  tank  heats 
up,   detection  probability  again  begins  to  rise.    At  a  resolution  of  2  mrad,   the  tank  cannot  be 
located  during  the  peak  clutter  level  periods  of  the  day.     As  the  sensor  resolution  is  reduced, 
hot  spots  on  the  tank  body  begin  to  be  resolved  and  an  increase  of  the  target  signal-to-clutter  is 
observed.     A  system  with  a  resolution  of  slightly  less  than  1.0  mrad  will  detect  the  tank  through- 
out the  day,   with  the  exception  of  a  brief  thermal  reversal  period  which  occurs  just  after  sunrise. 

[C|         In  a  separate  test  conducted  at  Ft.  Hood,   the  effectiveness  of  smoke  as  an  IR  camouflage 
was  investigated.     The  L8A1  red  phosphorous  smoke  grenade  used  in  this  experiment  is  rated 
as  an  effective  visual  countermeasure  with  a  minimum  lifetime  of  at  least  4  min.     The  effec- 
tiveness of  this   smoke  as  a  screen  at  10  uim  is  shown  in  Fig.  V-4.     At  t  =   0,    an  unresolved 
tank  target  is  seen  near  the  center  of  the  scene  and  the  initial  bursts  of  three  separate  smoke 
grenades  appear  just  above  the  tank.    At  t  =  1  sec,   the  burning  phosphorous  particles  begin  to 
fall  to  the  ground,   and  at  t  =  4  sec  the  tank  is  again  visible.     It  is  clear  that  this  type  of  smoke 
is  not  an  effective  countermeasure  against  an  IR  sensor  for  extended  time  periods. 

C.     THE   HELICOPTER- MOUNTED  SENSOR 

[U|         Approximately  4  months  were  spent  in  the  modification  of  the  Two-Color  measurements 
system  to  permit  data  collection  from  an  airborne  platform.     The  sensor  head  and  all  analog 
electronics  have  been  placed  on-board  a  Sikorsky  helicopter  along  with  an  analog  tape  drive 
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Fig.    V-4.     Smoke  grenade  test.     [U| 
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Fig.V-5.     Helicopter-mounted  Two-Color  sensor.     (U] 
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which  records  both  video  channels,   frame  and  line  sync  pulses,   a  voice  channel,   and  IRIG  time. 
The  sensor  head  is  mounted  inside  a  2-axis  gimbal  which  is  motion-stabilized  by  a  boresighted 
tracking  television  system.     The  television  tracker  can  lock  onto  any  small,   high-contrast  ob- 
ject to  provide  an  IR  picture  which  is  stable  to  within  one  picture  resolution  element  pixel  during 
the  3-sec  active  scan  period.     A  photograph  of  the  sensor  head  is  shown  in  Fig.  V-5.     The  analog 
data  tapes  which  are  generated  by  this  system  are  digitized  immediately  following  the  flight 
using  equipment  mounted  in  a  truck. 

D.      AIRBORNE   MEASUREMENTS  OF   M-48  TANK 

[U|  During  November  and  December  1977,   a  series  of  target- detection  experiments  were 

conducted  at  the  Redstone  Arsenal  at  Huntsville,  Alabama.  The  primary  target  for  this  set  of 
experiments  was  an  American  M-48  tank;  approximately  200  frames  of  data  were  collected  by 
the  airborne  Two-Color  sensor  at  ranges  from  0.5  to  3  km  at  depression  angles  of  20°  and  50". 

[C]  The  preliminary  analysis  of  this  test  indicates  that  the  M-48  tank  provides  a  strong  IR 

signature  which  can  be  readily  detected  by  a  2-mrad  system  at  ranges  in  excess  of  1  km. 
Figure  V-6  illustrates  the  aspect  dependence  of  the  tank  signature  at  0.5  and  i  km  under  cloudy 
conditions.     The  contribution  of  the  exhaust  heat  to  the  overall  signature  is  clearly  indicated  by 
the  sharp  drop  in  the  peak  pixel  differential  temperature  from  the  front  aspect.     This  problem 
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Fig.  V-6.     M-48  tank  signature  data,    15  November  1977, 
cloudy  conditions.     [U] 
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Fig.  V-7.     Spiral  scan  IR  data.     (U] 


TABLE   V-l    [C] 
DATA   RUN   SUMMARY     [U] 

Target 

Total  Runs 

Detection  Probability 

Analog  Processing 

Digital  Processing 

APC 
Tank 
Truck 

20 

10 

6 

65 
30 
33 

70 

100 

50 
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and  for  global  search, 

PD(N)  =    |       ft(x)  [1  -Fb(x)]N  dx 


where 


P  =   target-detection  probability  function 

f,(x)     =   background  histogram  function 

f.(x)      =    predicted  target-distribution  function 


-  \        f(x' 


F(x)      =   1  -  \        f(x')  dx' 

N  =   number  of  points  in  the  scene. 

The  effects  of  spatial  filtering  can  be  studied  conveniently,    since  the  histograms  of  backgrounds 
can  be  obtained  directly  and  the   filtered  target  density  functions   are  generated  by  perform- 
ing the  convolution  of  the   unfiltered  target  density  function  and  the  spatial   filter  density  func- 
tion f    (x). 

Ux)   =   f       f.(x')   f    (x'  -x)  dx'       . 

J-OO 

A  complete  discussion  of  this  histogram-manipulation  technique  is  now  being  written  and  will 
be  published  in  a  Technical  Report. 

G.      FUTURE   PLANS 

[U]  During  the  next  several  months,   the  primary  efforts  in  the  Two-Color  Program  will  be 

directed  toward  airborne  data  collection  using  the  helicopter-mounted  sensor,   and  the  analysis 
of  these  data  using  histogram-manipulation  techniques.     The  field  efforts  now  being  planned  in- 
clude:   firing  gun  measurements  to  be  conducted  at  Cape  Cod,   Massachusetts;   a  comparison  of 
American  and  foreign  tank  signatures  at  Ft.  Hood,   Texas;   and  an  experiment  to  measure  sea 
clutter  and  ship  signatures  which  will  be  carried  out  at  Hampton  Roads,    Virginia. 
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is  remedied  to  a  large  ex-tent  by  viewing  the  tank  at  depression  angles  greater  than  45°.     A 
complete  analysis  of  the  data  obtained  during  this  test  is  now  being  performed. 

E.  EVALUATION   OF   A   SPIRAL  SCAN    PASSIVE    SENSOR 

[U|  In  conjunction  with  the  Two-Color  experiments  conducted  at  Huntsville,   a  separate  ex- 

periment was  performed  with  a  Two-Color  spiral  scan  system   (PIRS  sensor)   provided  by 
Martin  Marietta.     An  example  of  the  IR  data  produced  by  this  device  is  shown  in  Fig.V-7.     In 
its  designed  seeker  configuration,   this  system  uses  an  analog  processor  which  includes  a  pulse- 
width  discriminator  (one-dimensional  spatial  filter),   a  ratio  test  for  false-target  rejection,    and 
a  target-selection  logic  which  chooses  the  first  pixel  in  the  scan  which  crosses  a  5a  threshold. 

(C]  While  no  significant  differences  exist  in  the  quality  of  the  data  which  can  be  produced  by 

equivalent  spiral  scan  and  rectangular  scan  systems,   fundamental  distinctions  can  be  drawn 
between  processing  involving  statistical  decision  theories,   applied  to  an  entire  frame,   and  tech- 
niques common  in  current  analog  processors,   where  a  fixed  threshold  is  to  be  crossed.     The 
major  differences  arise  from  the  ability  to  store  data  so  that  spatial  filtering  can  be  performed 
in  two  dimensions  and  to  make  a  final  target  selection  after  all  scene  points  have  been  examined. 
An  example  of  the  improvement  which  can  be  realized  by  using  digital  processing  of  this  type  is 
shown  in  Table  V-i  which  compares  the  performance  of  the  original  PIRS  analog  logic  with  the 
detection  probability  provided  by  processing  developed  for  the  HOWLS  Two-Color  system. 

F.  ALGORITHM    COMPARISON   STUDY 

[U|  The  probability  of  detection  functions  which  have  appeared  in  previous  reports'**  were 

generated  through  the  use  of  a  Monte  Carlo  implantation  process  in  which  at  least  100  targets 
are  placed  randomly  in  each  background  scene.     When  applied  to  large  blocks  of  data,   the  re- 
quired computation  times  become  excessive  and  it  is  often  difficult  to  relate  the  final  results 
with  specific  scene  features. 

[U]  Since  the  last  reporting  period,    an  alternate  method  of  data  analysis  has  been  developed 

for  predicting  detection-probability  functions  for  unresolved  targets.     This  new  approach  uses 
the  histograms  of  background  scenes  and  the  predicted  target  density  functions  to  produce  closed- 
form  analytic  expressions  for   unresolved  target-detection  probability   functions.      The  equations 
for  fixed  threshold  and  global  search  detection  are: 

for  a  fixed  threshold  set  at  x, 

xN+1, 


Pn(N.x)   = 


Ft(x)  [1  -  Fb(x)4 


D'    '     '  (N  +  1)  F,  (x) 

D 


t  R.  R.  Parenti  and  H.  Buss,    "Passive  Infrared  Multispectral  Weapon  Detection"  (U],    25th 
National  IRIS.   San  Francisco,    14-16  June  1977,   CONFIDENTIAL. 

.,    "Passive  IR  Terminal  Homing  Techniques  with  Array  Scanners: 


Initial  Test  Results"  [U|  ,    Project  Report  TT-22,    Lincoln  Laboratory,    M.I.T.   (9  February  1977), 
DDC  AD-C009710,    CONFIDENTIAL. 
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ABSTRACT     (U) 

qh  resolution  infrared  measurement  of  inflight 
ri5  mm  howitzer  projectiles  has  been  performed 
ic  and  supersonic  velocities.   Measurements 
taneously  in  the  8.0-12.0|.n  and  3.5-5.2|im  wave- 
csicihtcd  radiometers  employing  HgCdTe  detectors, 
s  were;  used  to  determine  the  temperature  profiles 
rline  axis  of  I  he  projectile.   The  effects  of 
and  sky  radiance  rin  project  i  1  c  infrared  radiant 
I  so  been  determined.   The  radiance  profiles  were 
are  in  good  agreement  with  the  earlier  radiant 
rements  on  low  velocity  artillery  projectiles. 
ill::  further  extend  the  data  base  now  available 
l  ii  I  design  nl  i  nl'r.ii  i-il  prnjeel  i  li-  tracking  systems. 


1  .    INTRODUCTION  (U) 
(U)   UARPA,  MIT  Lincoln  Laboratory  and  the  US  Army  Night  Vision  Laboratory  are 
presently  investigating  techniques  to  locate  mortar  and  artillery  tube  positions  by 
detecting  and  trucking  fired  projectiles  with  an  infrared  system.   The  infrared 
projectile  tracking  system  detects  the  infrared  emission  of  an  inflight  artillery  or 
mortar  projectile.   A  horizontal  linear  array  of  IR  detectors  provides  azimuth, 
elevation  and  angular  rates  to  a  minicomputer  which  then  directs  a  laser  ranger  to 
measure  the  range  to  the  projectile.   These  measurements  arc  performed  at  two  or 


(U)  This  work  was  sponsored  by  the  Advanced  Research  Projects  Agency  of  the  Depart- 
ment of  Defense. 
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three  elevation  angles  and  the  trajectory  data  is  used  to  locate  the  position  of  the 
tube.   The  results  of  the  first  field  trails  of  an  infrared  projectile  tracking 
system  have  been  reported  '  '  , 

(II)    In  order  to  Support  the  lurther  development  of  this  system  concept  both 
the  infrared  signatures  and  laser  radar  cross  soctiuns  of  mortar  and  artillery  pro- 
jectiles have  been  measured.   Spatially  resolved  radiance  measurements  in  the 

8.0-12.0,:m  ri-iiion  for  mortar  pio  j«-ct  i  Ii-s  have  been  reported  alonq  with  the  laser 

4  ri 
radar  cross  section  measured  at  0.8r)4,m  '  .   Kadi. int.  intensity  measurements  of 

mortar  and  artillery  project  I  Us  including  the  effect  of  sky  radiance  on  projectile 

infrared  contrast  in  both  the  R.0-12.0iun  and  ).5-5.2|im  atmospheric  windows  have  been 

described  '  '  .   Laser  radar  cross  sections  of  mortar  projectiles  at  1.064^m   and 

at  10. 6,. m    have  been  measured.   This  paper  describes  spatially  resolved  radiance 

(ID  w.  I-:.  Kcicher,  It.  J.  Hull,  l).  K.  Sullivan,  A.  P.  Modica  and  A.  (',.  Silver,  "An 
Infrared  Projectile  Tracking  System"  (U),  1'roc.  of  the  25th  National  Infrared 
Information  Symposium  (June  1977),  (to  be  published).  CONFIDENTIAL 
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"  Infrared  Projectile  Tracking  Radar"  (U),  Proc.  of  the  23rd  Annual  Tri-Service 
Radar  Symposium  (July  1977),   (to  be  published).  CONFIDENTIAL 

(II)    l< .  J.  Hill  I  and  I).  I< .  Sul  I  iv.in,  "Launch  Point  Analysis  for  the  HOWLS  Experimental 
IK  (outlier  inort.ir  System"  (I. J,  I'ro  ji*Ct  Deport  TT-28,  Lincoln  Laboratory,  M.I.T. 
(II  August   IT/7),  DIN.'  Ali-C'i  1  I  C  «>  7  .  CONI-'I  I1KNTIAI, 

(  4  ) 
(01    T.  W.  .lohn;,  and  A.  ('..  Silver,  "Mortar  Shell  Siqnatures"  (U),  Proc.  of  the  23rd 

National  Infrared  I  nform.it  ion  Symposium  (July  1975),  Vol.  20,  No.  2,  February 
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measurements  in  the-  8.0-12.fl.ini  region  lor  both  subsonic  and  supersonic  US  artillery 
projectiles.   In  addition,  simultaneous  total  radiant  intensity  measurements  in  the 
J.5-5.2iim  region  are  presented.   These  results  are  compared  with  the  radiant 
intensities  of  subsonic  artillery  projectiles  previously  reported.   An  estimate  of 
the  true  (thermodynamic)  temperature  distrilmt  ion  across  the  projectiles  is  described 
along  with  a  model  of  spectral  radiant  Intensity  for  artillery  projectiles. 

(U)   The  infrared  measurements  were  conducted  at  Camp  Edwards,  Cape  Cod, 
Massachusetts  during  September  and  October,  1977.   Measurements  were  performed  on 
110  US  artillery  projectiles  fired  at  a  variety  of  muzzle  velocities. 

2.    INFRARED  MEASUREMENT  SYSTEMS  (U) 
(U)   Radiometric  measurements  were  performed  in  the  8. 0-12. Own  and  3.5-1.2  m 
atmospheric  window:..   Two  AC  coupled  radiometers  performed  simultaneous  infrared 
measurements  on  tht   fired  artillery  projectiles. 

(Ul   The  R. 0-12. Own  radiometer  used  in  this  experiment  was  a  modification  of 

the  equipment  constructed  by  Maqnavox  Government  and  Industrial  Electronics  Company 

11  12 
lot  the  I  l(  mortal  local  ion  experiments   '   .   The  modifications  included  a  set  of 

milieu's  whn-li  ml. ited  I  he  del  i  -e  - 1  or  at  ray  by  'ill   In  lonn  •>  vertical  f  t  nee  of  "si..j  r  i  nq" 

detectors,   liquii-  I  shows  ,i  block  diagram  of  the  8.0-l2.0,.m  radiometer.   The 

r/0.8,  10.2  cm  diameter  lens  had  a  blur  circle  of  0.66  mr.   The  detector  array 

consisted  of  ton  pliotoconduct i vc    HqCdTc  detectors  each  subtending  a  solid  angle  o: 

O.Of,  mr  in  azimuth  liy  4.20  nr  in  elevation  for  a  total  array  field  of  view  of  2.6°. 

The  siqnals  were  amplified,  monitored  for  threshold  crossings  and  recorded  on  a 

wide  band  KM  tape  recorder.   The  signal  bandwidth  was  2-10000  Hz.   Table  I  lists 

the  specifications  of  this  radiometer. 

(U)   The  second  radiometer,  which  operated  in  the  3.5-5.2;im  waveband  employed 

a  meniscus  objective  lens  of  AsS,  with  a  blur  circle,  limited  by  spherical 

aberration,  of  2.4  mr.   The  photovoltaic  HqCdTe  detector  subtended  a  circular  FOV 

of  r>.87  mr .   The  siqnal  was  amplified,  monitored  for  threshold  crossings  and 

recorded.   Table  II  details  the  specifications  and  Figure  2  is  a  block  diagram  of 

this  system . 


'U>  w-    I-     Keiclur    and    ft.     p.    Modica,    op.cit..,     (2'3th    National     ll'.IS) 

(U)  W.     F..     Ke  idler    and    I:.     It.    Merrill,    op.cit  ■ 
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i.      Tin:    iNrRAiy:n  mkasuhi:mi.nts    (i'J 

(H)   The  purpose  of  those  experiments  was  to  ni\isiin'  simultaneously  t  he 
H.O-I 2.0, n  rod  i. nice  distribution  across  the  length  of  the  projectile  and  tlio  total 
).5-5.2|im  radiant  intensity.   figure  3  illustrates  the  mojsurcinent  technique. 
Inert  US  Ml  105  mm  and  M107  155  mm  howitzer  projectiles  were  fired  on  a  flat  tra- 
jectory into  a  large  mound  of  earth  approximately  100  m  from  the  cannon.   The  pro- 
jectile muzzle  velocities  varied  from  195  m/s  (subsonic)  to  564  m/s  (supersonic). 
A  breakwiro  placed  across  the  muzzle  of  the  cannon  was  used  to  generate  a  "T  "  or 
start  pulse.   This  start  pu 1 sc  was  recorded  (c.f.  figures  1  and  2)  and  used  during 
data  reduction.   Tin  infraied  radiometers  were  mounted  in  a  small  truck  located 
approximately  df»  meters  downr.nii|<  from  I  lie  e.  union  and  id    miM'.'ts  away  I  rom  the  tra- 
jectory.  This  distance  minimized  the  effect  uf  the  mizzle  flash  on  the  measurement. 
An  infrared  backdrop  which  was  painted  with  J"  Ncxtel  Velvet  I110-A10  white  paint 
was  located  10  meters  behind  the  path  of  the  trajectory.   The  white  paint  prevented 
the  backdrop  fron  solar  heating  while  maintaining  a  reference  background  radiance 
for  the  measurements.   The  (I!  backdrop  temperature  was  monitored  with  thermocouples. 
The  reference  radiance  from  this  surface  was  approximately  95-971  of  that  of  a 
bluckbody  at  the  same  temper j Lu re . 

(U)   Projectile  initial  temperature  and  propellant  charge  level  (nuzzle 
veloe i ty )  vere  recorded  prior  to  firing.   The  change  in  rad lance ( 8 . 0-12 . 0>m)  and  the 
charuic  in  radiant  i  n  tens  1 1  y  ( 3 .  0-5  .  2,.m  )  wi  th  respect  to  the  infrared  backdrop  were 
recorded  or.  an  analog  tape  recorder.   Calibration  and  boresighting  of  the  two  IR 
sensors  were  performed  with  a  chopped  blackbody  placed  at  the  intersection  of  the 
projectile  trajectory  and  the  field  of  view  of  the  instrument.   This  calibration 
technique  minimized  the  effect  of  atmospheric  attenuation  on  the  measurement. 

(C)   An  example  of  the  simultaneous  infrared  measurements  is  shown  in  Figure 
4.   The  oscilloscope  trace  represents  the  analog  output  of  the  two  infrared 
radiometers.   The  upper  trace  is  the  resolved  apparent  radiance  profile  in  the 
8.0-12.0,jm  region  of  a  US  Ml  105  mm  howitzer  projectile  fired  at  a  muzzle  velocity 
of  465  m's.   The  lower  trace  is  the  3.5-5.2i>m  signal.   It  should  be  noted  that  the 
peak  signal  in  each  waveband  coincides  with  the  position  of  the  rotating  band  on 
I  he  project  i  I e . 

(I'J   The  "T  "  pulse  which  was  produced  by  firing  the  projectile  was  used  to 
initiate-  the  digitization  of  the  data  on  the  analog  magnetic  tape.   The  tapes  were 
digitized  t.o  a  12  l» i t  resolution  and  the  analysis  of  this  data  was  performed  on  a 
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general  purpose  cnmpiil  er . 

4  .   Tilt:  INFRARED  DATA  (C) 
(U)   The  component  parts  of  both  US  art  i  I  lory  projectiles  arc  shown  in 
Figure  5.   The  infrared  crussivity  in  the  8.0-13.0  inn  region  of  each  of  these  com- 
ponents was  measured  with  a  commercial  radiometer  in  a  separate  experiment  at 
Lincoln  laboratory  and  the  |iru  j<-ctcd  area  at  a  90°  aspect  angle  was  calculated. 
Tabic  III  lists  the  ei.iissivity  an<!  area  for  all  of  these  components. 

(C)   Consistent  with  earlier  presentations  of  projectile  infrared  signa- 

13  14  1*5 
turcs   '   '   .  the  total  radiant  intensities  of  both  projectiles  as  calculated  from 

the  resolved  IK  data  shown  in  Figure  4  are  presented  in  this  paper.   Figures  6,  7 
and  8  are  radiant  intensity  of  a  pro  jeel  I  1  <-'  as  a  function  of  nuzzle  velocity.   It 
should  be  noted  that  the  data  arc  separated  according  to  the  initial  temperature  of 
the  projectile  and,  in  the  ease  of  the  8 . 0  -  I  2 . 0;im  measurements,  according  to  sky 
condition.   The  radiant  intensity  due  to  the  initial  (i.e.  prior  to  launch)  tem- 
perature represent  s  approximately  70'/,  of  the  post  launch  radiant  intensity  in  the 
8.0-12.0;im  waveband.   The  reflect  ion  ol  s'^y  radiance  also  affects  the  infrared 
signature.   This  is  evident  in  the  small  difference  between  clear  and  overcast 
infrared  signatures. 

(C)   there  are  several  cor-.c  1  us  ions  which  can  be  drawn  from  examining  these 
data.   It  appears  that  the  9.0-I2.0..m  radiant  intensity  is  weakly  related  to  muzzle 
velocity-   there  was  little  opportunity  for  the  projectile  temperature  to  increase 
due  to  aerodynamic  heating  since  the  measurements  were  made  120  to  340  msec  after 
firing.   The  spatially  resolved  measurements  in  the  8. 0-12. 0am  region  were  used  to 
determine  the  actual  (thermodynamic)  temperature  profile  across  each  projectile. 
Tables  IVand  V  list  the  thermodynamic  ter.pcra  ture  increases  of  the  various  com- 
ponent parts  as  ,i  function  of  projectile  nuzzle  velocity.   The  most  dramatic 
temperature  increase  is  thai  as.'.octated  with  the  copper  rotating  band.   'this  band 
is  ik.-formed  and  healed  by  friction  when  the  projectile  passes  through  the  rifling 
of  the  cannon.   'the  band  is  the  primary  source  of  radiation  in  the  3.5-5.2|im 
region.   This  fact  is  confirmed  by  the  correlation  of  measured  thermodynamic 
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temperature  of  the  band  (derived  with  th^  8 . 0 -  I  2 . 0 1 .  in  rarj i ometer )  jnd  total  radiant 
intensity  measurements  tnadc  with  the  3.5-ri.2:iri  radiometer  (c.f.  Table  IV  und 
1'igure  (> )  . 

5.   SI'T'CTKAI.  RADIANT  I NTKNS ITY  MOOKI.  (C) 

(C)   A  model  for  the  distribution  of  r.itliation  with  respect  to  wavelength  for 
each  of  tin-  projectiles  at   specified  muzzle  velocities  is  proposed.   The  projectile 
is  broken  down  into  its  component  parts  with  each  component  being  treated  as  a 
grey body  at  the  thermodynamic  temperatures  specified  in  Tables  IV  and  V  .   The  com- 
ponent cmissivily  and  area  are  listed  in  Table  III.  The  spectral  radiant  intensity 
from  a  grey body  radiator  is: 


•(."")  U;.,,) 


W/::r  ,.m 


where : 


first  radiation  constant,  J. 74  x  10    W  um 

2 


4       4 

cm" 


second  radiation  eonstant,  1.44  >.  1C   ,m  K 

wavelength,  um 

component  absolute  temperature,  K 
2 


A    -   component  arc.i,  cr 

component  emissivity 

Examples  of  the  spectral  radiant  intensity  calculated  for  both  the'  artillery  pro- 
jectiles are  given  in  Figures  9,  10,  11  and  12.   Note  that  in  this  model,  the 
rotating  band  contributes  the  most  significant  portion  of  the  spectral  radiant 
intensity  in  the  3.5-5.2; m  atmospheric  window.   This  contribution  is  most  signifi- 
cant when  the  projectiles  are  fired  at  the  lower  charge  levels.   In  the  8. 0-12. dm 
region  the  body  of  the  projectile  contributes  almost  two  thirds  of  the  total 
spectral  radiant  intensity. 

(U)   A  comparison  between  the  integrated  spectral  radiant  intensity  (model) 
and  the  measured  radiant  intensity  can  now  be  performed.   The  radiant  intensity 
can  be  calculated: 


UNCLASSIFIED 
ial 
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rad  i  ant  i  ntons  i  Ly 
spectral  rati  i. ml  intensity 


r.il.  I  .•  VI  eomp.u  <■:■■    Hie  uili.ini  i  ni  .11;  i  I  •,  im  I1-11I.1I  ih|  I  rem  II"'  model  with  measurements 
,„.,  I  mined  111  hill  il  Sept  1 -ml..- 1  -in-1  ij|.i  1  I'll  I    .in. I  ri.neli  ['ill      "    .    It  should  lie  not'J'l 
th.ii  1  lie  model  dues  not  i  nc  I  mli  ret' I  eel  e<l  1. 11  Ih  or  sky  radiance  and  therefore  the 
calculated  radiant  intensity  in  I  lie  8.0-l2.0|.m  region  is  best  compared  to  the 
measurements  during  clear  sky  conditions.   The  model  and  measurement  agree  to 
within  12:  in  the  R.0-12.0.m  region  while  the  3.5-5.2i.n  region  the  agreement 
is  from  5'.'.  to  2-8...   This  d  i  f  ferenco  may  arise  from  assuming  that  the  emissivity  m 
liotli  wavebands  was  identical. 

6.   CONCLUSIONS  (U) 
(U)   Resolved  radiance  measurements  were  performed  and  used  to  calculate  the 
infrared  radiant  intensify  in  the  8.0-12.0  m  and  3. 5-5. 2;. m  wavebands  of  US  artillery 
l>ro  loci  t  li.'K.   A  model  describing  the  distribution  of  radiant  intensity  along  the 
i'imiI  it  I  i  ne  axis  fin  I  hose  |  <  r  11  |oel  1  les  h.is  been  pt  oposed  .   The  results  of  this  modi"  1 
•  111   in  excellent  ,i'i  r'eemi'ii  I  with  in'cv  ions  poinl  source  (1-4  kn  range)  measurements 
in  I  hi  H. 0-12. 0. m  ici|iou  .mil  .it.  .1  good  re|  m  sen  t  a  1 1  on  ot  similar  3.5-5.2,im  signa- 
ture-, measurements.   The-  present  modi' 1  identifies  the  rotating  band  as  the  major 
source  of  radiant  intensity  in  the  i . 5-5. 2,.m    region.   Furthermore,  the  model  can 
be  used  to  scale  the-  projectile  signature  at  a  variety  of  initial  projectile 
temperatures  and  aspect  angles.   Pinal  ly,  the  model  will  allow  the  calculation 
"I  projectile  radiant  intensity  in  narrow  portions  of  the  8.0-12.O;im  and 
1.  i-r>.2.im  atmospheric  windows  from  derived  spectral  radiant  intensity  curves. 
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taiii.i:    i.       :i .  ii- i .' .  iii'in   l;  An  H  imktkk   :;ri.c  i  r  i  ia'i' kins    (ii) 
(Hue  |.i:;:;j  I  iitl) 


OlH ICS 

Ccrnunium     (four    element    Jensl  l*/0  .  8 

IOV  10° 

Detector  (IOV  4.2  mr  x  0.66  mr 

nlur  circle  0 . G6  mr 

Coca  I  length  8.1  cm 

Diameter  10.2  cm 

Filter  8-12iim 

Detectors 

Photoconduct  ive    M-jCcJ'lo     (I)*        )  2    x     10         cm    Hzl/2/W 

•I1 

Number  of  detectors  1 0 

Detector    size  (0.335    x    0.056) 10*2    cm2 

Detector    area  I . 8 7    x    10"4    cm2 

Operatinq    temperature  77    « 
1»  u;na  1    Processing 

Piandwidth  2-10000    Hz 
Threshold    dele-el  ion 
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TAIII.E    II.        I.'i-5.2nm  RAniOP.KTF.H   SPECIF  I  CATIONS     (II) 
(Unr  I  ass  i  f  i  ed) 

( )i'_t_i_c  s 

Arsenic  Trisulfihi.de  men  i  scus  lens  F/3 

.0 

(■•()V  5 

Detector  U'OV  5.37  mr 

lUur  circle  2  .  4    mr 

I-'ocjI     lerujLh  5.6  1    em 

Di amcter  1.87    cm 

filter  3.5-5.2|im 

Detector 

Photovoltaic    llyCdTe    (D*       )  7    x    10      en   Hz         /N 

H> 

Detector    size  3 . 3    x    1 0         cm 

-4  2 

Detector    iirtj  8.6    x     1(1          cm 

M[..   rjl  in«|    tem|M    r.ilure  77    K 

Si<jnal    Processing 

nandwuith  10-10000    Hz 

Threshold    detection 


'.?L:      Ml.        INFHARl'.D    EfUSSIVITY    AND    PROJECTED    AREA    FOR    THE    COMPONENT 
PARTS    Of    US    AHTM-LEPV    PROJECTILES  (U ) 
(Confidential) 

US    111     105    mm 

1  2     . 

fuze              0.)  t  0.04  if,  cm 

P.ody             0.9  ♦  0.0)  284  cm 

Rotating  Hand    0.2  +  0.04  24  cm 

Tai 1            0.9*0.0)  78  cm2 
US  H107  155  mm 

A 

2 
fuze  0.  3  *■    0  .  04  36  cm 

Body  0.9  *  0.03  660  cm 

2 
Rotatinq  Band    0.2  +  0.04  41  cm 

Tail  0.9  *  0.0  3  126  cm2 


Note:   1.   Infrared  cmissivity  measured  in  8 .0-13.0  ;in  region. 
2.   Area  calculated  for  90   aspect  angle. 
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'1'AIII.E  IV.   THERMODYNAMIC  TEMPERATURE  INCREASE  OF  THE  COMPONENT  PARTS 
OK  A  US  Ml  \0ri    mm  ARTILLERY  PROJECTILE  AS  A  FUNCTION  OK  MUZZLE  VELOCITY  ((I) 

(Conf  idcnt ia  1  ) 

Muzzle    Velocity 
Component  19r»m/s  212m/s       23  3m/s  262i»/s  302m/s 

Fuze  2°C 

llody  l°t" 

Kolat  i  n<|    lluncl  274    C 

Toil  I'/V 

Note:  Standard  deviation  *     10   or  *  I  ('  whichever  is  larger. 

TAP.1.1:  V.   THERMODYNAMIC  TK.Mi'LKATWHK.  INCREASE  OK  THE  COMPONENT  PARTS  OF  A 
US  Ml  07  lr,r)  mm  ARTILLERY  I'POJECTILE  AS  A  FUNCTION  OF  MUZZLE  VELOCITY  (U! 

(Con  f i dent  la  1  ) 


1°C 

1°C 

9°C 

8°C 

i°c- 

)°C 

7°C 

7°C 

274°C 

0 

274  C 

274°l" 

255°C 

i«i°r 

»9°C 

i«/V 

18°C 

366m/s 

18°C 

27°C 

16°C 

2  2°C 

2  5S°C 

244°C 

2  7°C 

31°C 

Muzzle  Vol 

oc 

ity 

Component 

2GBm/s 

375m/s 

5f.4m/s 

luze 

6°C 

12°C 

25°C 

nody 

6°C 

12°C 

2  5°C 

Rot  a  t  i  nq  Hand 

270°C 

2  5  0°C 

2  41°C 

Tai  1 

16°C 

4  8°C 

4  4°C 

Nol(;:   Standard  deviation  »  10'  or  +  I  C  whichever  is  larr 
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TAni.ll    VI.        A    (/flMI'AKISON    HI     Till:    KAIHANT     I  NTKNIl  ITV    1)1'    AltT  I  I.I.EUY    l*KO.Ii:CTI  I.IIS     H') 

(Con  I'  i.l.  ill  i.i  I  I 

Muzzle  Spectral  lladiunt 

Projectile  Velocity         Intensity  Model  Measurement 


waveband :_  8.0-12.  Oi.n 

2 
105  mm  2GZ  n/s  1.-12  W/sr  1.62  »  0.03  W/sr 

1.72  ^0.09  W/sr 

3  1  .8   ♦  0.2   W.'sr 

inr.  nn  4C5  m/s  l.8r.  W/si  1.81  »  0.0G  U/sr 

1.37  ♦  0.01  W/sr 

I SS  mm  175  m/s  1.22  W/sr  3.05  +  0.1   W/sr 

1.0   i  0.2   W/st 

lr.r>   mm  5(.<1    m/s  i . '.  I    w/i.r  : . ',  /    i    'j  .  I      iv/sr 

Waveband:      )  .  5-  5 .  2 ; ■  m 

105  mm  202  m/s  0.23  W/sr  0.31  f  0.02  W/sr 

3  0.16  +  0.03  W/sr 

1(15  rum  4(.5  m/s  rr.  j f .  w/st  0.20  »•  0.02  W/sr 

155  mm                  J75  m/s             0.33  W/sr              0.4  *•  0.05  W/sc 
155  mm  5^  m/s  (1.41  W/sr  


1.  The  model  dins  not  include  reflected  earth  or  sky  radiance.   The  model 
calctilut  ions  are  based  on  the  same  proicctile  initi.il  temperature  as  the 
measurement s . 

2.  Clear    sky    con.lit  ion. 

).   Measurement  performed  at  MV  -  212  n/s  at  a  projectile  initial  temperature 

of  2H0  K  with  an  overcast  sky  in  March  1977  (reported  in  references  6  and  7), 

1  .   Measurement  performed  at  '".V  2)5  n/s  at  a  projccLi  le  initial  tenperature  of 

27d  K  Willi  jii  oveie.e.l  sky  in  March  IT/7  (reported  i  ri  references  I,    and  7). 
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ricJURi:     1.       THE    8.0-12.0fim    RADIOMETER.        (U) 
(Unclass  i  f  icd) 
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FILTER 
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FIGURi:     2.        THE     3.5-S.2fim    RADIOMETER.         (U) 
(Unclassi  f vod) 
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PROJECTION  OF  INFRAREO 
DETECTORS 


riCURF  ).   TUP.  INFRARED  SIGNATURE  EXPERIMENT.    (U) 
(Unci ass  i  f  ied) 


FIGURE  4.   TYPICAL  RADIOMETER  output  signals. 
The  phoLo<|  raph  of  the  oscilloscope  trace 
represents  the  simultaneous  output  signals 
of  the  two  infrared  radiometers.   The  upper 
trace  is  the  signal  from  the  8. 0-12. Opm 
radiometer  while  the  lower  (inverted)  trace 
originates  from  the  3. 5-5. 2pm  radiometer. 
The  oscilloscope  time  scale  is  500us/division . 
The  target  is  a  105  mm  projectile  fired  at  a 
muzzle  velocity  of  465  m/s .   (U) 
(Unclassi  f  ied) 
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U.S.  Ml  105  mm  HOWITZER  PROJECTILE 


TAIL 


II CUIU:    S.        THE    COMPONENT    PARTS    OF    US    HOWITZER 
PRO.IICTII.ES.      Each   of    these   components    is 
treated    as    a    separate    greybody    radiator    in 
the    signature    model.       (U) 

(Unclassi  f ied) 


US.  M107  155mm   HOWITZER  PROJECTILE 


0  3 


-    0  25 


FIGURE  6.   THE  J  .  S-0  .  2/l.n  INFRARED  SIGNATURE 
OF  THE  US  Ml,  105  mm  IIOWTTZER  PROJECTILE  AS 
A  FUNCTION  OF  MUZZLE  VELOCITY.   The-  initial 
temperatures  arc  indicated.   (11) 
(Confidential  ) 
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['ICUIU-:  7.   Till-:  K. 0-t2.0fi.ii  INIRARKI)  S  ICNATUKl. 
OF  THE  US  Ml,  I0ri  mm  IIOWITZKH  I'ROJRCTM.E  AS 
A  FUNCTION  OF  MUZZLE  VELOCITY.   The  initial 
projectile  temperature  as  well  as  the  sky 
condition  are  indicated.   The  (jrojoctilc  sig- 
nature includes  a  component  of  reflected  sky 
radiance.   (U) 

(Confident  ia  I  ) 
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FIGURE  8.   THE  8.0-12.0um  INFRARED  SIGNATURE 
OF  THE  US  M107,  155  mm  HOWITZER  PROJECTILE  AS 
A  FUNCTION  OF  MUZZLE  VELOCITY.   The  initial 
projectile  temperatures  are  284  K  and  the  sky 
is  overcasc .   (U) 

(Confidential) 
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TOTAL  SPECTRAL 

RADIANT 

INTENSITY 


105  mm 

90*  ASPECT    ANCLE 

MV         262  m/«c 

W    2e6K 


iic.um:  •).  -nil.  m-ittkai.  radiant  intknsit/ 

Miiih.i.   Ol     Till-:    IIS    Ml,     inr>    nun    HOWITZER 
lldi.lli    II  l.i:    I'lUI'.ll    AT    A    MUZZI.i:    VIU.OCITY    Of-' 
f.Uf.   in/-.    (CliAKi'.i:    4).      Tho    spectral    raduni 
i  m  .iiMi  l  i<>M    ol    i-jch   of    tlic   component    ports 
i,l     (hi-    pro  jc-ct  i  lc    are    also    shown.        (U) 
( I'nn  f  idenL  ia  I  ) 
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i ■i-iiiui:    in.      tmi.   :.i-i:i-tkai.   haima.jt 

i  NTi  n:.  I  tv    Hiil)i:i.   mi     Tin:    ir:    Ml,     In',    nun 

ItilW  IT/.KR    I'Kti.HCT  I  l.i;     I   IKIli    AT    A    MMZ/.l.i: 

vi:i.(h'ity   iir   4(.'.   iii's    (ciiakc.i:    /).      Thin 
1 1  rn  ji-i-l  i  I  ■■     is    sii|u-i  son  i  i- .       Tin-    •;  j  m  •<■  I  t  .i  I 
i  .i.l  i  .mt      i  n  I  i-ii'i  i  I  1 1  •.    ol     ■■•n'li    ill     t  In' 

i|kiiii  ii  I     |  i.i  i  I  ■•    ol      I  hi'    |>i  <•  ji'fl   ill-    ■  ill' 

..Is. ■    shown.        (Ml 

(I'oil I  i .  I.  in  i  .i  I  ) 
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rir.iiNi:    11.      tiik  si'i:ctkai.  kadi  ant 

INTKNSITY    MOUKI.    HI-1    TIIK    US    MI07,      l*iri    mm 

nnwrT/.i:u  i'uo.m:ctii.i:  kikkd  at  a  mii/.zi.k 
VKLOCMTY   or    i7r.   ni/«!    (ciiakci:    ow)  .      This 
projectile     is    supersonic.-.       Tin-    spoctiol 
iMdiaur     inrensil  ies   of    e.ich   oi1    t  ho 
componenl     parts    of     tin-    projectile    ,irc 
a  I  so    shown  .        (II) 
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155  mm 
90*  ASPECT   ANGLE 
MV    ■   3/5  m/sec 
285  K 


1    ..1 


riCIIKK     \l.        TIIK    NPKCTKAI.    KAMI  ANT 
INTKNSITV    MODI-: I,    111-1    TIIK    US    Ml  07,      I  r,r,    mill 
IIOWIT/.KK    IM«).li:CTI  l.i:     KIKKII    AT    A    MU7.ZI.K 
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FIELD  TEST  PLAN  FOR  THE 
MEASUREMENT  OF  THE  INFRARED 
SIGNATURES  OF  WEAPONS  AND  VEHICLES 
AT  CAMP  EDWARDS 


Dr.  William  E.  Keicher 
MIT/Lincoln  Laboratory 


1.0   Introduction 

DARPA  has^asked  MIT/Lincoln  Laboratory  with  the  development  of  a 
passive , two-color  infrared  terminal  guidance  system  for  the  next  generation 
of  "smart"  projectiles.   In  order  to  determine  the  feasibility  of  this 
type  of  guidance  system,  infrared  signature  measurements  must  be  per- 
formed on  a  variety  of  targets  and  backgrounds.  These  measurements  are 
multispectral,  that  is,  the  infrared  wavebands  are  3-Sym  and  10-13gm, 
and  they  must  be  performed  with  a  realistic  engagement  geometry  (measurements 
are  made  from  a  helicopter).  The  targets  of  interest  include  artillery 
pieces,  tanks,  APCs  and  trucks;  all  of  which  are  located  in  a  natural 
terrain  setting.  The  field  measurements  will  take  place  from  January  16 
through  February  10,  1978. 


2.0  Objectives  of  the  Field  Tests 

1)  Two  color  infrared  signatures  will  be  obtained  at  a  variety 
of  aspect  angles  and  ranges  for  the  following  targets: 

1)  M48A5  tank 

2)  M60A1  tank  (after  firing  the  main  gun) 

3)  Ml 13  APC 

4)  2  1/2  ton  truck 

5)  5  ton  truck 

6)  M114A1  155  mm  howitzer  (after  firing) 

7)  M101A1  105  mm  howitzer  (after  firing) 

8)  naval  vessels  or  coastal  shipping 

2)  The  background  infrared  radiance  will  also  be  measured  in  the 
3 -Sum  and  10-13um  wavebands. 
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3.0  Location  of  the  Field  Tests 

The  tests  will  be  conducted  from  January  16,  1978  to  February  10, 
1978  at  Camp  Edwards,  Cape  Cod,  Massachusetts.  Three  sets  of  equipment 
will  be  used  to  perform  the  measurements.  These  include  (1)  the  heli- 
borne  two  color  sensor,  (2)  an  AGA  infrared  camera  and  (3)  calibration 
instruments  and  temperature  sensors  placed  on  the  military  targets.  The 
helicopter  and  data  reduction  equipment  will  be  located  at  hangar  2816. 
The  AGA  camera  and  calibration  equipment  will  be  located  at  the  test 
site.  The  live  fire  experiments  will  take  place  at  J2  range  (74001700). 
The  remainder  of  the  experiments,  which  involve  moving  military  vehicles 
will  take  place  in  a  clearing  south  of  the  Pine  Hill  range  control 
station  (69701834)  off  of  Frank  Perkins  Road  and  near  A  range  (69402070) 
Wood  Road  and  Avery  Road. 

Measurements  performed  on  coastal  shipping  will  be  coordinated  with 
the  Coast  Guard  station  and  have  a  lower  priority  than  the  military 
vehicle  signature  measurements. 


Note:  The  map  reference  is  Camp  Edwards,  Massachusetts   V8145 


4.0  Test  Personnel 

Four  organizations  are  involved  in  the  field  tests:  MIT/Lincoln 
Laboratory,  the  Massachusetts  Army  National  Guard,  Martin  Marietta  Corp. 
and  the  Hesse  Eastern  Division  of  Norris  Industries.  The  MIT/Lincoln 
Laboratory  group  is  responsible  for  directing  the  field  experiment, 
operating  and  maintaining  the  AGA  thermovision  camera,  and  data  analysis, 
The  MIT/Lincoln  Laboratory  group  includes: 

Alfred  Gschwendtner 

Herbert  Kleiman 

Thomas  Johns 

William  Keicher 

Ronald  Parenti 

Daniel  Corbosiero 

Ronald  Cordova 

Elton  Merrill 

William  Green 

Louis  Hirshberg 

Dennix  Roux 

Harvey  Buss 

Elizabeth  Hammond 

Richard  Becherer 

Anthony  Modica 

Vito  Leone 
The  Massachusetts  Army  National  Guard  will  assist  in  range  safety 
during  the  live  firing.  CPT  Peter  Mixson  will  monitor  range  safety  via 
the  range  control  radio  net.  CPT  Richard  Calvani  and  three  enlisted 
Guardsmen  will  operate  the  military  vehicles  and  assist  the  Hesse 
Eastern  personnel  at  the  Jl  ran^e. 


The  Martin  Marietta  personnel  will  operate  and  maintain  the  heliborne 
two  color  infrared  sensor  and  truck  mounted  equipment.  Darryl  Davis  will 
operate  the  sensor  and  the  helicopter  pilot  is  Chuck  Brainard. 

Hesse-Eastern  is  responsible  for  preparing  the  artillery  ammunition 
and  operating  the  howitzers  and  tank  gun.  Range  safety  is  the  specific 
responsibility  of  Robert  Woodbum. 


5.0  Ammunition,  Weapons  and  Targets 

5.1  Ammunition 

Ml,  INERT  105  mm  howitzer 
M107,  INERT  155  mm  howitzer 
M456E1,  HEAT-T  105  mm  gun 
M456E1,  TP-T,  INERT  105  mm  gun 

5.2  Weapons (firing) 
M101A1  105  mm  howitzer 
M114A1  155  mm  howitzer 
M60A1  tank 

5.3  Other  Infrared  Targets 
Ml  13  APC 

M48A5  tank 
2  1/2  ton  truck 
5  ton  truck 
coastal  shipping 

5.4  Storage 

Ammunition  will  be  stored  at  the  Hesse-Eastern  ammunition 
bunker.  Weapons  will  remain  in  place  (at  Jl)  for  the  duration  of  the 
experiment.  All  vehicles  will  be  stored  at  the  UTES  depot  (72401550). 


6.0  Experiments 

There  are  three  sets  of  experiments  that  will  be  performed  at  Cape 
Cod.  These  include:  (1)  IR  measurements  of  recently  fired  guns,  (2)  IR 
measurements  of  vehicles  and  (3)  IR  measurements  of  coastal  shipping. 
Map  ftl   shows  the  area  of  ground  operations  at  Camp  Edwards.   Included 
are  HQ  Camp  Edwards  (range  control),  hangar  2816,  the  UTES  equipment  depot, 
and  the  three  test  areas,  Jl,  Pine  Hill  and  A  range. 

6.1  IR  Measurements  of  Recently  Fired  Guns  (reference  maps  2-4) 
A)  Initial  Setup  -  The  data  processing  and  IR  calibration 
equipment  will  be  located  in  hangar  2816.  The  weapons  will 
be  located  at  the  Hesse-Eastern  test  range  (Jl)  with  both  the 
howitzers  and  the  tank  main  gun  firing  directly  into  a  direct  embank- 
ment. The  AGA  thermovision  system  will  be  located  in  a  position, 
on  the  ground,  to  observe  the  IR  signature  of  the  weapon.  The 
weapon  will  be  instrumented  with  several  thermocouples  which 
will  automatically  be  scanned  and  recorded  every  minute.  The 
Cortez  van  will  also  be  located  at  the  Jl  site  to  provide  a 
shelter  for  field  repair/construction  and  as  a  communications 
center.  Reference  panels  visible  from  2000  meters  will  be 
placed  on  the  ground  in  front  of  and  to  the  right  of  the 
weapons. 


B)  Pre- Experiment  Instrument  Checkout 

1)  Calibrate  the  two  color  sensor  with  a  large  area 
blackbody  calibration  source  approximately  100' 

from  the  helicopter  mounted  sensor.  This  calibration 
is  performed  at  the  hangar. 

2)  Calibrate  the  AGA  thermovision  system  at  the  Jl  range 
with  the  portable  blackbody  calibration  source. 

3)  Test  the  thermocouple  scanner 

4)  Radio  check 

C)  Live  Firing 

1)  Begin  15-30  minute  rapid  fire  barrage  using  charge  6. 
The  gun  will  fire  a  barrage  of  20  rounds. 

2)  Monitor  weapon  temperature  increase  during  barrage 
with  the  AGA  and  the  thermocouples. 

3)  The  helicopter  takes  off  and  moves  to  the  helicopter 
loiter  area.  The  helicopter  can  then  begin  climbing 
to  the  assigned  altitude.  Approximately  20-30  minutes 
will  be  allowed  for  the  helicopter  to  gain  altitude. 

4)  Immediately  after  the  gun  has  ceased  firing,  the  gun 
will  be  raised  to  a  quadrant  elevation  of  355  yd   (20  ) 
and  the  helicopter  will  being  to  orbit  the  target  clock- 
wise and  collect  data.  The  measurements  will  begin  at 
the  frontal  view  of  the  weapon.  When  the  measurements 
are  complete  or  the  helicopter  is  running  low  on  fuel 
this  set  of  measurements  is  complete. 

5)  Measurements  will  be  taken  at  the  following  altitudes, 
range,  aspect  angles  and  depression  angles. 
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Slant  Range 

Helicopter  Altitude 

(above  ground  level) 

500  m 

560  ft 

500  m 

1250  ft 

1000  m 

1-120  ft 

1000  m 

2510  ft 

2000  m 

2240  ft 

2000  m 

5020  m 

Depression  Angle 


20 


50 


20 


50^ 


20 


50^ 


Aspect  Angles 


front , 
rear,  two 
sides,  and 
four  quarter 
views 


*  add  161  feet  to  altimeter  for  correction  above  sea  level 

6.2  IR  Measurements  of  Vehicles  (reference  maps  5-11) 

A)  Initial  Setup  -  The  initial  setup  is  similar  to  the  pre- 
vious set  of  experiments  except  that  vehicles  will  be  allocated 
from  the  UTES  depot  for  use  at  the  Pine  Hill  Test  Area  and 
A  range  and  the  base  of  operations  will  be  Pine  Hill  instead 
of  the  Jl  range.  The  Cortez  van  will  be  located  at  the  Pine 
Hill  site  with  the  communications  equipment.  The  AGA  thermo- 
vision, powered  by  a  generator,  will  be  located  at  either 
A  range  or  the  clearing  immediately  to  the  south  of  Pine  Hill. 
The  thermocouple  scanner  will  be  placed  inside  the  vehicle 
under  test  and  will  be  powered  by  an  inverter  connected  to  the 
vehicles  DC  supply.  A  Jeep  (1/4  ton  vehicle)  with  a  radio 
will  be  used  as  a  mobile  communication  center  at  A  range  and 


when  the  test  vehicle  is  not  in  sight  from  Pine  Hill. 


B)  Pre- Experiment  Checkout 

1)  Same  as  in  the  previous  experiment  except  that  AGA 
calibrations  will  be  performed  at  Pine  Hill. 
C)  Measurements 

1)  The  vehicle  will  be  run  in  order  to  bring  it  up  to 
typical  operating  temperature  (15  minutes). 

2)  The  helicopter  will  take  off  and  move  to  the  assigned 
orbit  around  the  target  vehicle.  When  the  helicopter 
is  at  altitude  the  measurements  can  begin. 

3)  The  measurements  will  be  performed  at  the  same  altitude 
aspect  elevation  angle  and  range  as  in  the  previous 
experiment.  Sea  Level  Correction: 

A  range  -  100-150  feet  above  sea  level 
Pine  Hill  -  260  feet  above  sea  level 

4)  Measurements  will  be  performed  with  the  vehicle  in  a 
field  of  snow  and  near  a  tree  line. 

6.3  IR  Measurements  of  Coastal  Shipping  and  Sea  Backgrounds 

A)  Initial  Setup  -  Similar  to  the  other  experiments.  The  AGA 
thermovision  system  and  thermocouples  will  not  be  used.  The  base 
of  operations  will  be  Pine  Hill.  The  Army  Corps  of  Engineers 
have  approximately  1-1  1/2  hours  notice  of  ships  requesting  to 
use  the  Cape  Cod  Canal.  This  will  enable  us  to  prepare  for  a 
shipping  target  measurement. 


B)  Measurements 

1)  shipping  targets  -  There  will  be  difficulties  in  obtaining 
a  complete  set  of  data  on  a  non-cooperative  target  which  will 
be  moving  at  10  knots  through  Buzzards  Bay,  the  canal  and 
out  into  Cape  Cod  Bay.  However  an  attempt  will  be  made  to 
obtain  the  measurements  in  the  following  scenarios: 


Helicopter  Alt: 

Ltude 

Depression  Angle 

130  ft 

5° 

210  ft 

5° 

560  ft 

20° 

820  ft 

20° 

1650  ft 

60° 

2130  ft 

60° 

Slant  Range 
500  m 
750  in 
500  m 
750  m 
500  m 
750  m 


For  each  of  these  scenarios,  measurements  will  be  made  of  the  bow,  stern, 

port  and  starboard  aspects  of  the  ship. 

2)  Sea  Backgrounds  -  Background  measurements  will  be  made  at 
Woods  Hole  Harbor,  Buzzards  Bay  Harbor,  and  various  sea 
backgrounds  at  dawn  and  for  various  sea  conditions  (calm, 
choppy,  etc.). 

C)  Map  12  shows  the  coastal  shipping  route  from  Buzzards  Bay  through 
the  canal  to  Cape  Cod  Bay.  An  oil  tanker  anchorage  is  also  shown  in 
Cape  Cod  Bay  (near  the  oil  fired  power  plant  in  Sagamore). 
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6.4  Experiment  Priorities 
A)  The  priorities  are: 

1)  weapons  which  have  been  fired 

2)  tank 

3)  APC 

4)  battlefield  background  (i.e.  155  mm  craters) 

5)  coastal  shipping 

6)  sea  backgrounds 

The  order  in  which  the  experiments  are  performed  will  be  determined 
by  availability  of  equipment  ammunition  and  the  priority  list. 

6 . 5  Data  Records 

In  addition  to  the  analog  tapes  from  the  AGA  thermovision  and  the 
heliborne  sensor,  two-color  sensor  tapes  are  digitized  in  the 
truck  mounted  digitization  facility  located  at  hangar  2816.  Other  data 
logs  are  shown  in  the  following  pages.  )  '(  /^ 
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IR  Calibration 
Date  Time 


Calibration  Source-Sensor  Range 


Blackbody  Temperature,  T^  C 

Blackbody  Temperature,  T2  C 

^/T  =  volts/°C   (3.5-Sym) 

^/Tl  =   volts/°C  (8-12um) 

Tape   # Log  #  


Air  Temperature  F  C 

Relative  Humidity  % 


Dew  Point  F 


Visibility  n  mi 


> 


\ 


IR  Scene  -  Ground/Sea 

Experiment  Title  and  Number  

Date  Time 


Location 


Grid  Coordinates 


Range  to  IR  Target 
Depression  Angle 


Sensor  Observation  (Azimuth  Angle) 
Target  Aspect 


3 

2      1 

4  Rear 

Front  0 

5 

6       7 

Sun  out  ?    Yes  Q 

Ambient  Temperature 


NoQ 


Dew  Point 

°F 

Relative  Humidi 
Wind  Speed 

■ty 

0. 
0 

MPH 

Visibility 

N.Mi 

Cloud  Cover 

%     Pa 

Cloud  Altitude 

KFT 

Past  Cloud  Cover 


-Ti- 


Cloud  Type:  cumulus  Q 

Ground  Cover: 

grass  O 

trees  and  brush  O 

mud  O 

snow  Q 

water  O 

ice  O 
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6.6  Thermocouple  Measurements 

Thermodynamic  temperature  (as  opposed  to  apparent  temperature) 
measurements  will  be  recorded  every  minute  during  the  weapon  firing 
and  IR  signature  measurements.  These  measurements  will  be  suppli- 
mented  as  needed  with  individual  surface  probe  measurements. 

A)  M60A1  tank 

1  tip  of  main  gun 

2  bore  evacuatcr 

3  right  front  fender 

4  left  side  of  turret 

5  engine  intake 

6  engine  exhaust 

7  front  hull  armor 

8  comfort  heater 

9  tool  box 

10  front  top  surface  of  hull 

11  rear  top  surface  of  hull 

12  top  of  turret 

B)  M48A5  tank 

1  tip  of  main  gun 

2  center  of  main  gun 

3  right  front  fender 

4  left  side  of  turret 

5  engine  intake 

6  engine  exhaust 


7  front  hull  armor 

8  comfort  heater 

9  tool  box 

10  rear  left  fender 

11  rear  top  surface  of  hull  (intake) 

12  top  of  turret 
C)  M113  APC 

1  wood  floatation  aid 

2  right  front  hull  armor 

3  right  side  of  hull 

4  right  rubber  tread  skirt 

5  rear  door 

6  left  top  of  hull 

7  engine  exhaust 

8  engine  intake  ™ 

9  left  side  of  hull 

10  right  top  of  hull 

11  gunners  hatch 

12  left  front  hull  armor 
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D)  M101A1   105  mm  howitzer 

1  tip  of  gun  barrel 

2  sheild 

3  breech 

4  left  tire 

5  right  tire 

6  right  trail 

7  front,  hydraulic  cylinder 

8  rear,  hydraulic  cylinder 

9  left  trail 

10  air  temperature 

13)  M114A1  155  mm  howitzer 

1  tip  of  gun  barrel 

2  shield 

3  breech 

4  left  tire 

5  right  tire 

6  right  trail 

7  front,  hydraulic  cylinder 

8  rear,  hydraulic  cylinder 

9  left  trail 

10  air  temperature 
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7.0   Transportation 

MIT/Lincoln  Laboratory  will  have  either  a  rental  station  wagon 

or  a  lab  vehicle  available.   In  addition,  four  1/4  ton  vehicles  with 

radios  will  be  available  during  the  day  from  8:00  a.m.  to  3:30  p.m. 


• 
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8.0   Electric  Power 
|         A  30A,  120  VAC  circuit  will  be  available  at  the  Jl  range  to 
provide  power  to  the  Cortez  van.  Power  is  also  available  at  hangar 
2816  for  the  truck  mounted  digitization  facility. 


9.0     Communications 

9.1  Radio  Nets 

A)  Operations  net  -  FM  tactical  radios 
Primary  frequency:   49. 60  MHz 
Secondary  frequency:   49.80  MHz 

(Other  frequencies  allocated:  49.65,  49.70,  49.75, 

49.85,  49.90,  49.95  MHz) 
A  backup  operations  net  will  utilize  AM  walkie  talkies  operating 
on: 

Primary  freouency:   27.575  MHz 

Secondary  frequency:   27.585  MHz 

B)  Range  safety  net  -  FM  tactical  radios  operating  on  the 
range  control  frequency  (38. 50  MHz) . 

9.2  Telephone 

Telephone  service  will  be  available  at  the  Jl  test  site  and 
at  hangar  2816. 
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10.0  Miscellaneous 

10.1  Scheduling  of  Tests 

Test  schedules  will  be  determined  on  a  daily  basis.  Test 
will  not  be  performed  when  it  is  raining  or  snowing. 

10.2  Security  Classification 

Raw  data  and  field  operations  are  unclassified.  Computed 
infrared  signatures  are  classified  confidential. 

10.3  Meteorological  Data 

Hank  Forrester  at  Otis  AFB,  extension  4194  can  provide  local 
weather  data. 
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ABSTRACT 

A  new  generation  of  precision  guided  munitions  is  currently  under 
development  and  a  strong  emphasis  is  being  placed  on  the  elimination  of 
the  human  forward  observer  for  target  recognition  and  designation.  One 
important  branch  of  this  research  deals  with  autonomous  acquisition  sensors 
which  identify  tactical  targets  on  the  basis  of  their  characteristic 
passive  infrared  radiation.  The  factors  which  affect  the  operational 
utility  of  these  systems  include  the  target  signature,  the  nature  of  the 
background  clutter,  the  intervening  atmosphere,  and  the  form  of  the  target 
selection  algorithm. 
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1 .   INTRODUCTION 

(U)   One  of  the  important  recent  developments  in  military  warfare  has  been 
the  marriage  of  advanced  sensor  technology  and  microprocessor  technology  in 
Precision  Guided  Munitions  (PGM).  PGM's  provide  a  CEP  independent  of  range 
and  small  enough  to  allow  kills  of  hard  targets  with  one  or  two  dedicated 
munitions.  A  number  of  important  advantages  accrue  to  the  users  of  PGM's. 
The  ability  to  deliver  munitions  at  long  range  allows  a  higher  survivability 
to  the  delivery  platform.  In  the  case  of  expensive  and/or  manned  platforms, 
such  as  tactical  aircraft,  the  increased  survivability  is  an  important 
consideration. 

(U)  The  small  CEP,  and  requisite  number  of  dedicated  rounds  implied,  can 
have  strong  logistical  consequences.  When  one  PGM  can  do  the  job  of  100 
"dumb"  rounds  the  savings  in  logistics,  kills/sortie,  and  other  measures 
of  cost  effectiveness  can  effect  substantial  changes  in  battle  doctrine. 
(U)  Finally,  with  the  increased  hardening  of  the  modern  mechanized  battle- 
front  (with  its  preponderance  of  tanks,  self-propelled  artillery,  and  APC's) 
the  small  CEP  achievable  with  PGM's  is  a  necessity  for  damage  to  be 
inflicted. 

(U)  For  these  reasons,  the  U.S.  is  currently  actively  developing  or  adding 
to  inventory  a  variety  of  PGM's.  They  tend  to  fall  into  the  broad  categories 
of  command  guidance  or  lock  on  before  launch.  In  command  guidance,  accuracy 
is  achieved  with  a  man- in- the- loop  guidance  of  the  munitions  thru  a  data 
link  (walleye,  EO  Maverick,  TOW)  or  the  vehicle  is  guided  by  a  semi-active 
technique  in  which  the  target  is  laser  illuminated  by  an  operator  (CLGP's). 
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Lock  on  before  launch  techniques  consist  of  operator  acquisition  before 
launch  followed  by  automatic  guidance  to  the  target  (IR  Maverick).  Both 
of  these  techniques  suffer  from  the  liabilities  of  requiring  a  man  in  the 
loop  (either  to  perform  the  acquisition  or  illuminate  the  target) .  In 
this  paper  we  will  discuss  progress  towards  the  next  generation  of  PGM's, 
namely  those  possessing  an  entirely  autonomous  target  acquisition  capability. 
(C)  This  new  capability  allows  unique  applications  not  available  to  a  lock 
on  before  launch  sensor.  To  list  just  a  few  of  these,  indirect  fire 
applications  against  artillery  and  armor,  without  the  necessity  for  laser 
designation,  is  currently  being  pursued  by  the  CAWS  office  for  the  Copperhead 
program.  Firing  munitions  at  extended  range  using  autonomous  acquisition 
to  increase  the  kill  probability  is  being  pursued  by  ARRADCCM  for  a  Tank 
Launched  Guided  Projectile  (TLGP)  for  tank-on- tank  encounters.  The  ability 
to  deliver  many  smart  mini-missiles  to  a  target  rich  area  and  have  the 
munitions  acquire  and  kill  most  of  the  targets  within  the  acquisition 
basket  of  the  mini-missile  is  being  pursued  by  the  Air  Force  under  the  WAAM 
program  and  by  ARPA  and  MIRADCOM  under  the  Assault  Breaker  program. 
(U)  All  of  these  programs,  which  are  currently  in  various  stages  of  research 
and  development,  depend  ultimately  on  the  ability  to  extract  from  a  cluttered 
terrain  scene  the  position  of  ,a  desired  tactical  target  in  the  possible 
presence  of  countermeasures .  In  the  remainder  of  this  paper  we  will  discuss 
the  infrared  acquisition  work  performed  under  the  ARPA  Hostile  Weapons 
Location  Systems  (HOWLS)  program.  The  purpose  of  this  program  is  to 
quantify  the  discrimination  process  and  allow  judgments  to  be  made  as  to 
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the  efficacy  of  candidate  sensors  in  a  given  scenario.  We  will  first 
describe  the  HOWLS  measurement  sensor  and  the  acquired  target/background 
data  base  and  then  examine  the  processing  techniques  developed  for 
target  acquisition. 

2.  SIGNATURE  DATA  BASE 
2.1  HOWLS  Equipment 

A  number  of  organizations  have  contributed  to  the  growing  data  base  of 
IR  target  and  background  signatures.  Notable  among  these  are  the  data  bases 
being  amassed  at  ERIM,  NVL,  MIRADCOM,  NWL  and  ADTC.  We  will,  however,  con- 
centrate in  this  paper  on  the  equipment  developed  and  data  base  evolved 
under  the  HOWLS  program,  in  as  much  as  this  data  base  serves  as  the  basis 
for  the  automatic  acquisition  techniques  developed  later  in  the  paper.  In 
this  section  the  equipment  used  to  gather  and  analyze  data  for  the  HOWLS 
program  will  be  described.  A  discussion  of  IR  background  characterization 
with  examples  taken  from  the  data  base  will  be  given  and  the  target  and  OCM 
data  gathered  will  be  described,  again  with  selected  examples. 

The  HOWLS  brassboard  measurement  system  consists  of  four  parts: 

(1)  a  helicopter  mounted  2 -color  measurement  sensor, 

(2)  a  helicopter  mounted  fast  framing  IR  camera, 

(3)  a  data  processing  and  analysis  truck, 

(4)  an  interactive  algorithm  development  facility  coupled  to  a  general 
purpose  computer. 

Each  of  these  will  be  discussed  in  turn. 
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2.1.1  HOWLS  Two-Color  Sensor 

The  HOWLS  two  color  sensor,  constructed  by  Martin  Marietta  Aerospace 
for  Lincoln  Laboratory,  is  shown  in  Figure  2-1  with  an  accompanying  block 
diagram  in  Figure  2-2.  The  camera  records  data  simultaneously  in  two  wave- 
bands (either  8-10,  10-13pm  or  3.5-5,  10-13um)  with  a  2  mr  resolution 
over  a  fixed  field  of  5°  x  15°.  The  sensor  is  stabilized  via  a  boresighted 
TV  tracker  and  takes  approximately  3  sec  to  scan  the  field.  The  system  .  - 

NET  is  less  than  .1°C  in  either  channel.  The  sensor  assembly  can  be 
tilted  so  as  to  record  data  at  all  depression  angles  between  0  and  90°. 

2.1.2  The  Digital  Infrared  Camera 

The  fast  framing  IR  camera  is  an  AGA  8-12um  camera,  modified  to  record 
digitally  at  high  frame  rates  (16/sec)  and  is  shown  in  Figure  2-3.  The  IFOV 
is  variable  with  either  1  mr  or  .25  mr  being  available.  This  camera  is 
useful  in  developing  a  data  base  for  spatial  filtering  techniques  and  in 
gathering  closure  data  needed  to  develop  tracking  algorithms. 

2.1.3  Data  Processing  and  Analysis  Truck 

A  block  diagram  of  this  equipment  is  shown  in  Figure  2-4.  This  system 
accepts  analog  data  from  either  of  the  infrared  systems,  produces  a  formatted 
digital  tape,  allows  display  of  digital  IR  imagery,  and  permits  some  elemental-)' 
discrimination  analysis  to  be  performed  in  real  time.  This  allows  a  careful 
post  mission  analysis  to  be  performed  after  each  flight,  and  prior  to  suc- 
cessive flights.  It  was  found  that  a  capability  of  this  sort  was  necessary 
in  the  field  to  achieve  a  meaningful  data  base. 
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2.1.4  Algorithm  Development  Facility 

An  interactive  display  system  has  been  developed  which  uses  a  RAMTEK 
color  monitor  coupled  to  an  IBM  370  via  an  Interdata  mini -computer.  This 
allows  the  operator  to  display  and  identify  target  and  clutter  features. 
The  majority  of  the  algorithm  development  work  described  in  this  report 
was  performed  through  the  use  of  this  interactive  system. 
2.2  Background  Data  Base 

Using  the  equipment  described  in  the  last  section,  a  data  base  is 
currently  being  gathered  on  a  variety  of  tactical  targets,  backgrounds, 
and  the  simpler  optical  countermeasures .  These  will  be  discussed  in  turn. 

The  current  background  and  target  data  base  is  summarized  in  Table  2-1, 
as  to  location,  season,  and  type  of  terrain.  When  dealing  with  a  non- 
stochastic  and  largely  uncontrollable  data  base  such  as  this  one,  about 
which  one  hopes  to  make  meaningful  statistical  statements,  one  must  develop 
techniques  for  characterizing  the  backgrounds  in  a  statistically  meaningful 
way.  The  simplest  assumption  one  can  make  is  that  the  amplitude  distribution 
of  radiances  is  random  in  amplitude  with  little  or  no  spatial  correlation. 
In  this  event  the  standard  deviation  of  the  thermal  clutter  completely 
characterizes  the  statistics  of  the  background  scene.  Figure  2-5  shows  two 
amplitude  histograms  for  a  typical  background  scene,  taken  a  month  apart. 
This  quickly  disabuses  one  of  the  notion  of  Gaussian  amplitude  distributions 
or  spatial  stationarity.  This  plot  is  representative  of  terrain  background 
distributions  and  indicates  in  a  quantitative  way  their  non-Gaussian 
character. 
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TABLE  2-1  (U) 
TARGET  AND  BACKGROUND  DATA  BASE  (U) 


LOCATION 

DATA 

TERRAIN 

TARGETS 

Andover,  MA 

June  76 

Rural 



Andover,  MA 

Dec.  76 

Rural 

Simulated  Targets 

Camp  Edwards,  MA 

March  77 

Forest 

105  and  155  Howitzers, 
M-48  Tank 

China  Lake,  CA 

May  77 

Desert 

105  and  155  Howitzers, 
M-48  Tank 

Ft.  Hood,  TX 

June  77 

Grassy 

T-62  and  M-60  Tanks 

Huntsville,  AL 

Nov.  77 

Grassy 

M-48  Tank 

Camp  Edwards,  MA 

Feb.  77 

Forest 

105  and  155  Howitzers, 
M-48  Tank 

Ft.  Hood,  TX 

May  78 

Grassy 

T-62  and  M-60  Tanks 

Norfolk,  VA 

June  78 

Ocean 

Ships 

Ft.  Belvoir,  VA 

June  78 

Grassy 

Generators 
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Fig.  2-5.   Representative  background  histograms. 
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.Another  characterization  technique,  which  has  been  widely  tried  with 
a  notable  lack  of  success,  is  the  use  of  the  Keiner  spectrum.  This  is 
basically  the  two-dimensional  Fourier  transform  of  the  spatial  scene  and  is 
the  simplest  descriptor  that  takes  account  of  spatial  correlation.  The 
hope  was  that  the  background  spatial  properties  could  be  described  by  the 
properties  of  some  average  l\"einer  spectrum.  However  since  the  success  of 
many  missions  is  determined  by  the  frequency  of  discrete  anomalous  -  ■ 

points  within  a  scene,  rather  than  by  its  overall  spatial  statistical 
properties,  this  characterization  often  fails  to  allow  a  predictive 
assessment.  It  is  our  feeling  that  the  most  meaningful  way  to  characterize 
a  background  will  depend  on  the  nature  of  the  application.  .As  will  be 
described  in  the  section  on  processing,  for  automatic  acquisition  in  a 
fixed  basket  a  parameter  related  to  the  histogram  of  a  spatially  filtered 
scene  appears  to  be  the  most  useful  background  descriptor  for  terminal 
homing  applications. 

The  average  (or  RMS)  scene  clutter  value  is  often  a  useful  character- 
ization parameter  since  it  gives  a  qualitative  notion  of  the  difficulty 
of  the  background  situation  faced  and  enables  one  to  make  rough  predictions 
as  to  the  target  temperatures  required  for  successful  acquisition. 
Table  2-2  lists  the  RMS  clutter  values  for  a  variety  of  scenes.  It 
indicates  very  roughly  that  the  RMS  clutter  conditions  to  be  faced  in 
the  field  range  over  about  one  order  of  magnitude  in  going  from  bright 
sunshine  to  nighttime  conditions.  Figure  2-6  presents  another  interesting 
feature  of  thermal  clutter,  namely  its  rather  short  time  constant.  This 
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TABLE  2-2  (U) 

TYPICAL  AVERAGE  CLUTTER  LEVEL  VALUES  (U) 
(Scene  Standard  Deviation,  °C) 

Night     Cloudy  Sunny 
Orlando,  FL  (Winter)        0.5      1.0      2.5 

Andover,  MA  (Summer)        1.0      1.5      3.0 

Andover,  MA  (Winter)        1.0      1.5      3.0 

Cape  Cod,  MA  (Winter)        0.5      1.0      2.0 

China  Lake,  CA  (Spring)      1.0      2.0      3.0 

Ft.  Hood,  TX  (Summer)        0.5      ---      2.0 
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figure  shows  the  change  in  RMS  clutter  which  can  occur  when  the  sun 
breaks  out  briefly  from  behind  clouds.  Significant  changes  occur  on 
time  scales  of  less  than  1  minute.  Wind  driven  convective  cooling  can 
also  affect  changes  in  the  clutter  conditions  on  a  short  time  scale. 

In  commenting  on  clutter,  natural  terrain  is  just  one  of  the  elements 
against  which  detection  must  be  made.  The  other,  and  often  more  serious 
class  of  scene  objects  one  must  detect  against,  is  man-made  artifacts, 
both  passive  (as  for  example  solar  heated  plowed  fields)  or  active 
(cars,  generators,  etc).  Figure  2-7  shows  two  lOum  infrared  images  of 
an  idling  tank  in  the  center  of  a  field  in  Ft.  Hood,  Texas.  The  main 
difference  between  these  two  scenes  (taken  3  days  apart)  is  the  appearance 
of  freshly  torn  earth  in  the  second  scene.  The  accompanying  histograms 
indicate  the  appearance  of  strong  thermal  clutter  due  to  the  solar 
heating  of  this  dirt.  This  leads  to  a  much  more  difficult  situation  in 
which  to  accomplish  automatic  acquisition. 

Another  description  of  backgrounds  which  reflects  the  multi-spectral 
nature  of  the  data  being  taken  is  given  in  the  form  of  a  two-color  plot  in  which 
the  radiance  in  waveband  AAr  (long  waveband)  is  plotted  against  the  radiance 
in  waveband  AX  (short  waveband)  for  each  pixel  in  the  scene.  Figure  2-8 
shows  this  representation  for  a  typical  scene.  This  representation  is 
particularly  useful  for  those  parts  of  the  acquisition  process  having  to  do 
with  statistical  decision  theory.  Thus,  one  can  examine  within  this  plane 
the  effects  (beneficial  or  otherwise)  of  introducing  such  processing 
algorithms  as  spatial  filtering,  2-color  ratio  testing,  Neyman- Pearson 
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Fig.  2-8.   Two-color  scatter  plot. 
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statistical  decision  theory,  or  other  more  empirical  algorithms. 
(U)  In  our  first  attempts  to  systemize  the  development  of  acquisition 
algorithms  we  drew  from  the  main  data  base  a  subset  of  5  scenes  (shown  in 
Figure  2-9)  to  test  algorithms  against.  This  "standard  scene"  tape 
includes  rural  farmland,  forest,  grassy  field,  and  desert  backgrounds.  For 
each  scene  (on  digital  tape)  there  exists  the  appropriate  statistical  and 
descriptive  parameters,  comments,  two  background  histograms,  a  two-color 
plot,  and  appropriate  exceedance  curves.  This  library  is  in  the  process 
of  being  expanded.  Our  quantitative  measure  of  performance  takes  the 
form  of  acquisition  probability  tables  against  this  standard  background 
library. 

2.3  Target  Data  Base 
(U)  A  summary  list  of  targets  for  which  data  have  been  taken  along  with 
location  and  dates  are  included  in  Table  2-1.  The  target  selection  has 
been  heavily  weighed  towards  firing  artillery  pieces  and  tanks. 
(C)  As  with  the  backgrounds,  targets  show  an  enormous  variability  in 
signatures  ranging  from  passive  targets  at  dawn  with  minimal  thermal 
signature,  to  active  targets  in  which  one  sees  the  exhaust  of  engines  at 
temperatures  of  100 °C  above  the  background.   It  is  therefore  vital  in 
recording  (and  using)  a  target  signature  to  have  a  comment  section 
describing  the  thermal  history- of  the  target  before  the  measurement, 
measurement  conditions,  and  pertinent  aspect  and  depression  angle 
information. 
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(C)  Often  what  is  desired  is  knowledge  of  what  the  highest  radiance  (or 
temperature)  of  a  resolution  element  will  be  for  a  given  optical  system 
at  a  given  range.  A  convenient  way  of  summarizing  this  information  is  a 
pictorial  temperature  map  and  an  accompanying  graph  of  peak  differential 
temperature  vs.  spatial  resolution  element  size.  Figure  2-10  shows,  for 
example,  a  T-62  front  aspect  0°  depression  angle  image  while  Figure  2-11 
gives  the  accompanying  temperature  vs.  resolution  size  information. 
Note  that  while  the  equivalent  differential  temperature  integrated  over 
the  entire  tank  is  less  than  5°C,  by  choosing  a  sufficiently  small  IFOV 
one  observes  a  small  number  of  solar  heated  elements  on  the  tank  with 
contrast  temperatures  as  great  as  10°C. 

(C)  Acquisition  from  the  horizontal  view,  front  aspect  of  tank  is  the  most 
difficult  approach  in  terms  of  reliable  thermal  cues  since  the  exhaust 
and  engine  compartments  are  concealed.  Although  the  fired  gun  or  the  tank 
treads  may  also  produce  a  significant  thermal  signature,  one  does  not 
get  reliable  thermal  cues  until  one  increases  the  depression  angle  at 
which  the  tank  is  viewed  and  begins  to  unmask  the  exhaust  and  engine 
compartment.  Figure  2-12  displays  IR  images  of  the  front  aspect  of  the 
T-62  as  a  function  of  depression  angle  and  provides  quantitative  information 
on  this  variation.  At  angles,  greater  than  20°,  this  unmasking  begins. 
(U)  Turning  to  fired  artillery  as  a  potential  target,  one  can  see  from 
Figure  2-13,  that  the  primary  thermal  cue  for  a  fired  artillery  piece  is 
the  heated  gun  barrel.  The  quantitative  variation  of  gun  barrel  temperature 
with  rounds  fired  is  shown  in  Figure  2-14.  In  determining  the  acquisition 
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Fig.  2-11.   T-62  tank  signature  as  a  function  of  range.   (U) 
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Fig.  2-12.     T-62  tank  signature  as  a  function  of  aspect  angle.    (U) 
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Fig.  2-13.   155  nun  howitzer  infrared  image 
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probability  of  a  small  warm  target,  such  as  a  gun  barrel  seen  nose  on,  it 
is  important  to  realize  that  the  target  in  general  will  only  fill  some 
fraction  of  the  pixel  area  and  that  the  observed  differential  temperature 
must  be  multiplied  by  this  fraction  to  obtain  the  effective  signature 
seen  by  the  infrared  seeker. 

2.4  Optical  Countermeasures  and  Battlefield  Artifacts 

To  insure  that  data  would  be  available  to  assess  the  effects  of  the 
simpler  decoys  and  countermeasures,  a  small  data  base  was  gathered  on 
the  infrared  characteristics  of  smoke,  flares,  and  shell  holes. 

Looking  first  at  the  effects  of  smoke,  Figure  2-15  shows  the  results  of 
smoke  tests  conducted  at  Ft.  Hood  against  red  phosphorous  smoke  grenades. 
The  smoke  appears  to  be  a  reliable  countermeasure  only  during  the  brief 
(y   4  sec)  period  when  the  hot  phosphorous  particles  are  burning  and  radiating 
more  intensity  than  the  tank.  While  the  resultant  smoke  cloud  was  opaque 
at  visible  wavelengths  for  about  3  minutes,  the  smoke  was  rather  transparent 
in  the  8-12ym  region.  The  contrast  attenuation  in  the  8-12um  waveband 
interval  was  approximately  401. 

A  number  of  flares  were  examined  using  the  two  color  sensor  in 
order  to  assess  their  effectiveness  as  target  decoys.  Shown  in  Figure 
2-16  is  the  trajectory  of  the'  flare  signature  as  a  function  of  time  in 
the  two  color  plane.  Only  for  about  10  sec  of  its  history  was  the  flare 
an  effective  competitor  with  targets  in  the  sense  that  its  signature  was 
in  the  same  portion  of  the  two  color  plane.  This  point  is  addressed 
more  quantitatively  in  the  next  section  of  this  paper. 
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Fig.  2-15.   Smoke  countermeasure  experiment 
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Fig.  2-16.   Flare  countermeasure  experiment. 
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An  auxiliary  consideration  in  assessing  smoke  as  an  effective  counter- 
measure  is  the  large  number  of  fires  which  are  present  as  a  result  of 
burning  phosphorous  particles  or  other  pyro techniques  producing  this  smoke. 
If  the  attenuation  through  the  smoke  is  highly  variable  with  wavelength,  then 
one  has  to  reassess  the  effectiveness  of  spectral  filtering  in  rejecting 
these  fires  viewed  through  smoke.  Table  2-3  lists  the  attenuation  for 
several  conventional  smokes  at  lym,  3pm,  and  10pm.  Notice  that  the  large 
attenuation  in  near  IR  argues  against  using  that  spectral  region  as  a  guard 
band  in  situations  where  smoke  and  haze  are  likely  to  be  prevelent. 

A  word  should  be  said  about  shell  holes  as  an  effective  target  decoy. 
A  number  of  shell  holes  caused  by  105mm  HE  rounds  were  examined  as  a 
function  of  time.  These  craters  were  caused  by  both  shallow  (direct  fire) 
and  steep  (indirect  fire)  trajectory. 

It  was  found  that  the  steep  trajectory  rounds  had  a  substantial  IR 
signature  while  those  fired  at  shallow  trajectories  had  little  or  no  thermal 
signature.  The  correlation  seems  to  be  the  depth  to  which  the  shell  pene- 
trates before  exploding.  These  experiments  were  carried  out  in  the  winter. 
For  indirect  fire  the  shell  detonates  below  the  frost  line  and  the  warmer 
earth  is  exposed,  whereas  for  direct  fire  only  frozen  earth  is  exposed. 
Presumably  in  a  summer  scenario,  where  the  earth  may  decrease  in  temperature 
with  depth,  the  thermal  contrast  for  a  shell  hole  would  be  reversed. 

3.  PROCESSING  TECHNIQUES 

The  process  of  autonomous  acquisition  for  a  two-color  seeker  can  be 
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TABLE  2-3  (U) 
ATTENUATION  COEFFICIENTS  FOR  VARIOUS  SMOKES  AT  lum,  3ym,  and  lOum  (U) 


Smoke 

Attenuation  Coefficient  (m  ) 
at  0.1  g/m3  Density"*" 

lum 

3pm 

10ym 

Fog  Oil 

Phosphorous 

Hexac lore thane 

Sulfur-Trioxide/ 
Chlorosulfonic  ■ 
Acid 

2  x  10*1 

1  x  10"1 

2  x  10"1 
2  x  10"1 

5  x  10"2 
2  x  10"2 
2  x  10" 2 
2  x  10"2 

5  x  10"3 
2  x  10"2 
5  x  10"3 
2  x  10"2 

Data  taken  from  Reference  1 . 
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divided  into  three  distinct  stages.  During  the  first  stage  false  targets 
(i.e.,  fires,  flares,  and  sun  glints)  are  eliminated  from  the  list  of 
possible  targets  on  the  basis  of  their  anomolous  spectral  characteristics. 
The  second  stage  involves  the  implementation  of  a  spatial  operator  designed 
to  suppress  clutter  features  which  do  not  match  the  approximate  size  and 
shape  of  the  target.  At  this  point  in  the  acquisition  process  the  values  of 
the  individual  picture  elements  in  the  filtered  scene  can  be  directly  related 
to  their  probability  of  being  associated  with  a  true  target.  The  third  stage 
in  the  acquisition  process  is  the  target  selection  decision.  Two  methods  of 
target  selection  are  discussed  below.  The  first  is  the  traditional  approach 
of  designating  as  targets  all  scene  points  which  exceed  a  predetermined 
threshold.  The  second  approach  involves  the  utilization  of  digital  storage 
to  investigate  an  entire  background  scene  and  allow  the  selection  of  the 
most  intense  post-precessing  scene  element. 
3.1  Spectral  Processing 

One  common  method  employed  to  countermeasure  infrared  systems  involves 
the  deployment  of  a  flare  which,  when  seen  from  a  distance,  appears  as  a 
point  source  having  a  target-like  thermal  signature.  If  the  temperature 
and  size  of  the  flare  are  properly  chosen  its  apparent  unresolved  tempera- 
ture in  any  single  waveband  can  be  made  comparable  to  that  produced  by  a 
tactical  target.  Such  a  device  would  be  both  an  effective  and  an  inexpensive 
countermeasure . 

The  effect  of  such  a  device  can  be  negated  by  employing  a  system  which 
simultaneously  examines  the  scene  in  at  least  two  infrared  wavebands.  It 
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can  be  easily  shown  that  a  hot,  highly  unresolved  blackbody  source  will 
produce  significantly  different  apparent  signatures  in  two  non- overlapping 
spectral  regions.  The  effect  is  demonstrated  by  Figure  3-1  which  plots  the 
apparent  temperature,  measured  in  the  short  waveband  of  a  two-color  system, 
of  an  unresolved  blackbody  target  as  a  function  of  its  resolved  temperature 
for  three  separate  two-color  systems.  Along  each  curve  the  size  of  the 
false  target  has  been  adjusted  to  give  a  5°C  differential  temperature 
signature  in  the  long  waveband  producing  a  creditable  decoy  at  this  wave- 
length. As  the  resolved  false  target  temperature  increases  its  measured 
signature  in  the  short  waveband  becomes  much  larger  than  that  measured  in 
the  long  waveband  making  it  easier  to  distinguish  it  from  a  graybody  target. 
Note  that  the  poorest  performance  in  target  to  false  target  discrimination  is 
achieved  with  wavebands  that  split  the  8-12um  region.  This  result  is 
emphasized  in  Figure  3-2  which  plots  the  predicted  false  alarm  rate  due  to         ^  * 
false  targets  as  a  function  of  their  resolved  blackbody  temperature.  While 
both  the  3.5-5,  10-12ym  system  and  the  split  3.5-5um  system  provide 
adequate  protection  against  false  targets  having  resolved  temperatures 
greater  than  1000°K,  the  split  8-12um  configuration  is  less  effective  in 
significantly  reducing  the  fals^  alarm  rate  due  to  this  type  of  counter- 
measure  . 

« 

3.2  Spatial  Filtering 

In  a  previous  publication"  it  was  demonstrated  that  optimal  point  target 
spatial  filters  can  be  defined  if  the  scene  autocorrelation  function  is 
assumed  to  have  the  following  general  form 
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Fig.  3-1.   Short  waveband  apparent  temperature  of  a 
hot  unresolved  false  target. 
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Fig.  3-2.   Comparison  of  spectral  discrimination  performance 
for  three  separate  two-color  systems. 
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r(x,  y)  -  e-\*\'Lx  e-b\/Ly  (3-1) 


where  L  and  L  are  the  characteristic  correlation  distances  in  the  x  and  y 
x     y  J 

directions  respectively.  These  filters  are  optimal  in  the  sense  of  being 
matched  filters  in  which  the  signal  to  clutter  ratio  is  maximized.  The 
mathematical  form  of  the  optimal  filter  depends  on  the  external  constraints 
placed  upon  the  signal  processor.  If,  for  instance,  the  filtering  process  is 
contrained  to  one  dimension  and  must  be  causal  the  optimal  operator  is 

h  "'  P  +  Lx  Tx>  \  ^ 

where  m.  is  the  target  mask.  Note  that  this  filter  is  the  first  derivative 
of  the  target  mask  when  the  correlation  length  is  long  but  is  equal  to  the 
target  mask  in  the  limit  that  L  approaches  0.  This  latter  case  should  be 
recognized  as  the  standard  matched  filter  for  targets  embedded  in  white  noise. 
If  the  filter  is  permitted  to  be  non-causal  but  still  restricted  to  one 
dimension  the  following  expression  defines  the  optimal  filter  function 

2 
h  %  (1  -  Lx2  -iy)  m  .  (3-3) 

3  x 

Finally,  the  equation  for  the  two-dimensional  non-causal  operator  is 

h  *  »  -   Lx2  ^2  "  Ly2  -T-  +  (Lx  V2  -IT^  mt  •  »-") 
3x^    '  3y       y   3xV   z 
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For  point  targets  in  spatially  correlated  backgrounds  the  3x3  digital 
approximations  to  the  filters  defined  above  are 


r 


3  x 


[  "I    1] 


(3-5) 


3x' 


*       [  "1/2 


1/2] 


(3-6) 


and 


3xd  y 


% 


1/4  -1/2  1/4 
1/2  1  -1/2 
1/4   -1/2     1/4 


(3-7) 


These  filters  are  implemented  by  applying  the  spatial  mask  at  each  pixel 
location  and  obtaining  the  dot  product  of  the  filter  coefficients  and  the 
intensity  values  of  those  pixels  located  within  the  mask  region.  If  the 
filter  has  been  properly  designed,  the  average  signal-to-clutter  ratio 
will  be  improved  and  the  probability  of  acquisition  for  a  given  target 
signature  will  be  increased.  This  effect  is  illustrated  in  Figure  3-3 
which  shows  a  typical  background  scene  before  spatial  filtering,  and  after 
the  application  of  the  three  filters  defined  by  Eqs.  (3-5)  through  (3-7). 
Since  each  of  these  filters  is  designed  in  such  a  way  that  point  targets 
remain  essentially  unaffected  by  the  filtering  process,  the  decreased 
intensity  of  the  hotter  clutter-  features  in  this  scene  is  a  direct  measure 
of  the  signal -to -clutter  improvement. 

The  filters  discussed  so  far  are  optimal  for  unresolved  targets  and 
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isolated  hot  target  features  (e.g.,  exhaust  parts).  For  resolved 
targets  with  a  distribution  of  thermal  cues,  similar  window  filters  can 
be  defined.  We  are  currently  developing  a  set  of  specification  for 
these  more  complex  filters. 
3.3  Target  Selection 

Once  the  data  field  has  been  appropriately  filtered  to  maximize  the 
contrast  between  the  target  and  background  clutter,  some  criterion  must  be 
employed  to  select  the  pixel  having  the  highest  probability  of  being 
associated  with  a  tactical  target.  The  traditional  approach  has  been  to 
establish  a  fixed  threshold  and  to  classify  as  targets  all  points  exceeding 
that  threshold  value.  For  terminal  homing  applications  it  is  common  to 
designate  the  first  point  to  exceed  the  threshold  as  the  target  to  which 
the  seeker  will  home.  The  obvious  difficulty  with  this  approach  is  the 
proper  selection  of  the  threshold  value.  Care  must  be  taken  to  avoid  a 
setting  which  is  so  high  that  no  scene  points  are  selected.  On  the  other 
hand,  a  threshold  setting  which  is  too  low  produces  a  high  false  alarm  rate 
and  an  unacceptably  low  acquisition  probability.  While  attempts  have  been 
made  to  normalize  the  threshold  setting  to  the  average  clutter  variation, 
these  efforts  have  met  with  only  limited  success. 

In  most  cases,  the  intensity  of  an  individual  pixel  after  filtering  is 
a  direct  measure  of  the  probability  that  it  is  associated  with  a  true  target. 
Under  these  circumstances,  the  best  strategy  is  to  select  the  most  intense 
post- filter  value.  This  approach  is  essentially  equivalent  to  a  threshold 
detection  scheme  for  which  the  threshold  setting  is  automatically  optimized 
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for  each  individual  background.  The  hardware  implementation  of  this  full 
scene  search  selection  technique  is  relatively  straightforward.  In 
principle  only  two  memory  locations  are  required.  The  first  storage  register 
is  used  to  hold  the  most  recent  maximum  pixel  value.  As  the  sensor  scans, 
the  data  are  first  filtered,  using  either  analog  or  digital  techniques, 
and  the  new  pixel  values  are  compared  with  the  contents  of  the  first  register. 
At  the  completion  of  the  scan  this  second  memory  location  contains  the 
spatial  position  of  the  most  likely  target  candidate  point  within  the 
entire  scene. 

4.  ALGORITHM  EVALUATION 

In  order  to  simplify  the  analysis  of  the  target  acquisition  problem,  a 
basic  scenario  has  been  established  in  which  the  assumption  is  made  that 
one  target  is  located  within  the  seeker's  field  of  view  and  that  the  missile 
is  con  trained  to  strike  one  and  only  one  point  within  this  same  region.  A 
reasonable  measure  of  performance  is  the  probability  that  the  single  true 
target  is  correctly  selected.  This  performance  parameter  is  called  the 
probability  of  acquisition  and  is  represented  by  the  symbol  P..  For  con- 
ventional thresholding  systems  it  can  be  shown  that  the  acquisition  probability 
bears  the  following  relationship  to  the  target  detection  probability  PQ 

and  the  false  alarm  rate  P-.  • 

rA 

pa  * "  ^4r  (4-x) 

7  PFA  +  1 
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where  N  is  the  total  number  of  resolution  cells  in  the  scene. 
4.1  Evaluation  Method 

The  basic  philosophy  of  the  algorithm  evaluation  methods  employed  has 
been  described  at  length  in  a  previous  report  .  That  publication  describes 
an  evaluation  scheme  called  histogram  manipulation  which  can  be  used  to 
generate  closed- form  expressions  which  relate  the  acquisition  probability 
to  the  histograms  of  measured  background  and  target  ensembles.  The 
following  set  of  definitions  will  be  useful  in  understanding  the  equations 
which  follow: 

f,  (x)   =  probability  density  function  of  background  ensemble 
f  (x)   =  probability  density  function  of  target  ensemble 

f (x)    =  post-filter  probability  density  function 

F(x) 

N    =  number  of  scene  points 
t     =  threshold  value 


For  threshold  target  selection  the  acquisition  probability  equation  is 

(1  -  F  (t))  (1  -  F,(t)N  +  l) 

PA(t)  = .  (4-2) 

CN  +  1)  (1  -  Fb(t)) 

Since  PD  =  (1  -  Ft)  and  PpA  =  (1  -  F,)  for  thresholding  systems  Eq.  (4-2) 
can  be  rewritten  in  the  following  form 


g 


00 

J    f(x')dx'  =  distribution  function  ( v 
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pD  (i  -  ci  -  pFA)N  *  h 


rA     " 

CN  ♦  1)  PFA 

and  if  N  Pp.    «  1,   then 

PA^ 

P„(l  -   (1  -   (N  +  1)  PFA  +  £Lli^  PFA2)) 

(N  ♦  1)  PFA 

^ 
% 

W1  -  7  PFA> 

PD 
7  PFA  +  ! 

which  reproduces  Eq.  (4-1).  The  corresponding  equation  for  full  scene 
search  detection  is 

00 

PA  =  f   ft(t)  Fb(t)N  dt   *  (4_3) 

-00 

Note  that  in  this  equation  the  threshold  is  merely  a  dummy  variable  within 
the  integral. 

If  the  target  is  highly  unresolved  the  intensity  of  the  target  pixel  is 
approximately  equal  to  the  following 


x  £  x,  +  wT  (4-4) 


41 


Unclassified 


Unclassified 


where  x,  is  the  pixel  value  in  the  absence  of  the  target,  T  is  the  target 
strength,  and  w  is  the  fraction  of  the  pixel  which  the  target  subtends. 
If  the  target  signature  is  defined  to  be  d  =wT  and  if  the  target  has  an 
equal  probability  of  appearing  anywhere  within  the  background,  then  the 
target  density  function  bears  a  relatively  simple  relationship  to  the  back- 
ground density  function 

ft(x)  =  fb(x  -  d)  .  (4-5) 

This  relationship  remains  valid  for  many  types  of  spatial  filtering 
operations.  If,  for  instance,  the  operation  of  the  spatial  filter  can  be 
represented  by  the  following  equation 

X  =  X  -  Y 
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where  y  is  a  function  of  the  pixels  adjacent  to  but  not  including  the 
filtered  pixel,  then  the  background  and  target  histograms  of  the  filtered 
ensembles  are  related  by  the  following  equation 

ft(x)  =  fb(x  -  d)   .  (4-6) 

Combining  Eq.  (4-6)  with  Eqs.  (4-2)  and  (4-3)  produces  the  two  equations 
which  form  the  basis  for  the  algorithm  analysis  results  described  in  the 
next  section 
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(N  +  1)    (1  -  Fb(t)) 
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P.(d)   =  /"   fK(t  -  d)   F,  (t)N  dt  .  f0r  ffl  SCene,.  (4-8) 

kK  J      J       tr  ^b^^  search  acquisition         *•       J 

-00 

Note  that  both  expressions  treat  the  target  signature  as  an  input  parameter 
which  must  be  measured  experimentally.  However,  target  acquisition 
algorithms  can  be  easily  compared  even  in  the  absence  of  specific  target 
information  by  calculating  the  minimum  target  signature  required  to  achieve 
an  acquisition  probability  of  901.  This  evaluation  parameter  will  be 
assigned  the  symbol  6  and  the  units  will  be  °C  measured  with  respect  to 
the  average  background  apparent  temperature. 
4.2  Unresolved  Target  Results 

The  evaluation  technique  discussed  in  the  previous  section  provides  a 
computationally  efficient  method  for  comparing  the  utility  of  acquisition 
algorithms  for  point  targets.  An  example  of  the  types  of  comparisons  which 
are  possible  is  shown  in  Figure  4-1.  This  figure  presents  a  set  of  curves 
which  defines  the  acquisition  probability  as  a  function  of  the  target  signa- 
ture for  a  background  scene  taken  at  North  Andover,  MA  during  the  winter  of 
1977.  The  curve  which  appears^  at  the  far  right  hand  side  of  this  figure 
defines  the  performance  of  a  conventional  normalized  threshold  approach 
coupled  with  the  causal  first  derivative  spatial  operator  defined  by 
Eq.  (3-5).  This  target  selection  method  is  roughly  equivalent  to  a  CFAR 

43 

Unclassified 


UNCLASSIFIED 


GdMidehtial 


18-00' 
CONF 


■14708(DB 
IDENTIAL 


2  4  6  8  10 

TARGET    SIGNATURE  (°C) 


_L 


J. 


1.5  1.0  0.75 

RESOLUTION    (mrod) 


0.6 


NOTES  :  BOSTON  HILL  DATA 
SUNNY,  DAYTIME 
WINTER  CONDITIONS 
a  -  2.9°C 


FIRST  DERIVATIVE  OPERATOR 
WITH  ADAPTIVE  THRESHOLD 


FIRST  DERIVATIVE  OPERATOR 
WITH   FULL-SCENE  SEARCH 


SECOND   DERIVATIVE  OPERATOR 
WITH  FULL-SCENE  SEARCH 


FOURTH   DERIVATIVE  OPERATOR 
WITH   FULL- SCENE  SEARCH 


155  mm  HOWITZER  (after  15  rounds] 
10°  OFF  BARREL  AXIS 
1km  ACQUISITION    RANGE 


' 


Fig.  4-1.   Comparison  of  acquisition  probability  functions 
for  four  separate  target  acquisition  schemes.   (U) 
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signal  processor  which  incorporates  an  electrical  high  pass  matched  filter. 
The  second  curve  shows  the  performance  of  the  same  first  derivative  operator 
but  with  full  scene  search  target  selection.  The  third  curve  gives  the 
full  scene  search  result  with  the  one -dimensional  second  derivative  filter 
defined  by  Eq.  (3-6)  while  the  fourth  curve  predicts  the  performance  of  a 
full  scene  search  algorithm  with  the  two-dimensional  fourth  derivative 
filter  defined  by  Eq.  (3-7). 

The  significance  of  these  results  is  perhaps  more  easily  understood 
when  they  are  applied  to  a  specific  target  scenario.  The  second  abscissa 
in  Figure  4-1  relates  the  target  signature  produced  by  a  155mm  howitzer 
after  firing  15  rounds  to  the  effective  signature  measured  by  a  system 
with  the  given  instantaneous  field  of  view  and  acquiring  at  a  range  of  1 
km.  This  plot  demonstrates  a  fundamental  trade-off  between  the  mechanical 
complexity  of  the  sensor's  optical  system  and  the  level  of  sophistication 
of  the  signal  processor.  Optimal  processing  schemes  can  reduce,  by 
about  a  factor  of  two,  the  requirements  placed  on  the  sensor  resolution 
to  achieve  acceptable  performance.  This  difference  can  have  a  significant 
effect  on  the  overall  system  cost  and  can  be  directly  translated  into  a 
factor  of  four  increase  in  the  total  scan  area. 

One  of  the  more  important (  aspects  of  this  investigation  has  been  the 
use  of  sets  of  background  scenes  to  evaluate  acquisition  algorithm  perfor- 
mance. In  order  to  condense  the  information  contained  in  the  types  of  curves 
shown  in  Figure  4-1  into  a  manageable  format,  the  parameter  5  has  been 
defined  to  represent  the  minimum  target  signature  required  to  achieve  an 
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acquisition  probability  of  90%.  The  value  of  6  is  a  function  of  both  the 
severity  of  the  background  clutter  and  the  performance  of  the  acquisition 
algorithm.  Table  4-1  summarizes  the  test  results  for  the  set  of  five  back- 
ground scenes  shown  in  Figure  2-9.  This  table  illustrates  both  the 
improvement  which  is  realized  when  sophisticated  processing  techniques 
are  used  and  the  large  variations  which  result  when  tests  are  conducted 
against  a  variety  of  backgrounds.  By  looking  along  a  given  row  (or 
scene)  one  can  see  the  relative  improvement  in  target  acquisition  as  a 
function  of  processing  techniques.  Going  down  along  a  given  column 
(processing  technique)  one  gets  a  quantitative  measure  of  the  difficulty 
of  acquisition  for  the  accumulated  background  data  base.  This  allows 
quantitative  comparisons  to  be  made  between  field  measurements  taken 
under  very  different  conditions,  as  long  as  the  raw  background  data  is 
available  to  derive  6  parameters.  While  each  of  the  scenes  used  in  this  ' 

study  were  gathered  during  the  daylight  hours  of  sunny  days,  it  can  be 
seen  that  6  can  vary  by  almost  a  factor  of  10  even  for  the  best  of  the 
processing  schemes  uncovered  in  this  study. 
5.  OPERATIONAL  CONSIDERATIONS 

In  this  section  the  processing  techniques  described  above  will  be  dis- 
cussed in  the  context  of  operational  scenarios  involving  real  targets 
embedded  in  natural  background  clutter.  The  first  part  of  this  section  will 
treat  the  system  design  tradeoff  between  improved  sensor  resolution  (hardware 
sophistication)  and  the  complexity  of  the  target  acquisition  algorithm 
(software  sophistication) .  This  will  be  followed  by  a  brief  discussion  of 
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the  limitations  imposed  by  weather,  clouds,  smoke,  and  intervisibility.  I 

5.1  Design  Tradeoffs 
(U)  Figure  5-1  illustrates  the  basic  relationship  between  resolution  and 
algorithm  sophistication  for  a  firing  155mm  howitzer.  This  figure  was 
generated  by  combining  the  heating  rate  data  shown  in  Figure  2-14  with  the 
acquisition  probability  curves  presented  in  Figure  4-1  to  produce  a  plot 
which  predicts  the  number  of  rounds  which  must  be  fired  to  achieve  a  901 
probability  of  acquisition  from  a  range  of  1  km.  The  processing  schemes 
considered  are  the  three  spatial  filters  defined  in  Section  3.2  used  in 
conjunction  with  full  scene  search  target  acquisition,  and  the  first 
derivative  operator  with  adaptive  threshold  detection.  This  last  algorithm 
closely  simulates  the  pulse  width  discrimination  used  by  several  existing 
seekers. 

(U)  The  second  axis  in  Figure  5-1  indicates  how  the  size  of  the  search  I 

field  varies  as  a  function  of  resolution  if  the  sensor  scan  time  is  held 
fixed.  Thus,  a  larger  IFOV  translates  directly  into  a  larger  scan  basket 
as  well  as  smaller  optics  and  lower  cost. 

(C)  In  analyzing  the  problem  of  tank  acquisition,  three  separate  tactical 
scenarios  must  be  considered.  The  first  is  the  vertical  approach  which 
is  currently  being  pursued  under  the  Assault  Breaker  program.  The  second 
is  the  low  angle  (20°- 30°)  approach  appropriate  to  the  Copperhead  round 
and  the  aircraft  launched  rockets  which  are  being  developed  under  the  WAAM 
program.  Finally,  there  is  the  horizontal  direct  fire  situation  encountered 
in  tank-on- tank  engagements  (TLGP) . 
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Fig.  5-1.   Processing  vs  resolution  tradeoff  curves 
for  a  155  mm  howitzer  target  at  1  km.   (U) 
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(C)  The  acquisition  probability  analysis  which  was  applied  to  the  firing 
artillery  problem  and  presented  in  Figure  4-1  is  also  useful  in  the  study 
of  tank  acquisition.  Figure  5-2  indicates  the  resolution  required  to  achieve 
acceptable  sensor  performance  as  a  function  of  detection  algorithm  for  a 
vertical  approach  against  a  T-62  tank  at  an  acquisition  range  of  1  km.  It 
can  be  seen  from  this  figure  that,  due  to  the  unobstructed  exhaust  manifold 
and  engine  compartment  signatures,  reliable  acquisition  can  be  achieved 
with  a  relatively  unsophisticated  seeker  having  an  IFOV  on  the  order  of 
2  mr.  Figure  5-3  presents  the  opposite  end  of  the  target  scenario  spectrum 
by  illustrating  the  acquisition  probability  for  the  horizontal,  front 
aspect  view  of  an  idling  T-62  tank  at  a  range  of  1/2  km.   (The  tank  image 
presented  in  Figure  2-10  was  used  in  this  particular  analysis.)  Since  the 
heated  engine  components  are  not  visible  from  this  aspect,  the  tank's 
signature  is  determined  entirely  by  a  number  of  less  reliable  mechanisms 
such  as  solar  heating,  frictional  tread  heating,  and  the  heating  of  the  gun 
during  periods  of  rapid  fire.  This  sensitivity  of  the  thermal  signature 
to  environmental  factors  leads  us  to  believe  that  there  will  be  many 
situations  in  which  the  performance  curves  shown  in  Figure  5-3  will  not 
apply.  To  counteract  this  problem,  shape  recognition  filters  are  presently 
being  developed  which,  hopefully,  will  be  less  sensitive  to  isolated  thermal 
cues. 

(C)  In  many  respects  the  low  angle  approach  scenario  is  the  most  interesting 
of  the  acquisition  problems  because  it  is  both  challenging  and  (it  appears) 
solvable  with  current  technology.  Figure  5-4  shows  a  polar  plot  of  the 
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Fig.  5-2.   Processing  vs  resolution  tradeoff  curves  for  the 
vertical  acquisition  of  a  T-62  tank  at  1  km.   (U) 
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signature  of  a  T-62  tank  as  seen  from  a  range  of  1  km  and  at  a  20°  depression 
angle.  The  cross-hatched  region  in  this  figure  indicates  the  range  of 
signatures  which  were  observed  during  the  daylight  hours  of  three  days  in 
April  at  Ft.  Hood,  Texas.  Overlayed  on  this  data  are  a  set  of  three  circles 
indicating  the  signatures  required  for  a  90%  acquisition  probability  for 
a  given  acquisition  algorithm.  It  is  clear  from  this  figure  that  reliable 
acquisition  from  low  depression  angles  can  only  be  achieved  through  the 
use  of  the  advanced  processing  schemes  described  in  this  report. 
(C)  Figure  5-5  summarizes  in  a  qualitative  way  our  findings  on  tank 
acquisition  to  date.  Vertical  acquisition  appears  feasible  with  relatively 
simple  processors  although  there  are  still  cost  tradeoffs  to  be  made 
between  processing  sophistication  and  IFOV.  For  the  low  angle  approach  the 
optimal  filters  developed  to  date,  coupled  with  high  resolution  sensors 

0  0.5  mr) ,  should  be  adequate  to  guarantee  good  performance  for  a  wide 
range  of  environmental  conditions.  For  horizontal  acquisition  the  lack  of 
reliable  cues  indicates  a  need  for  both  high  resolution  and  more  sophisticated 
algorithms  than  those  which  have  been  developed  to  date. 

5.2  Operational  Constraints 
(U)  It  might  appear  at  this  point  that  the  ideal  approach  against  any 
tactical  target  is  the  one  which  maximizes  the  average  signal-to-clutter 
ratio.  However,  one  must  also  consider  the  operational  constraints  imposed 
by  weather,  terrain,  and  platform  maneuverability.  Table  5-1  shows  the 
cloud- free- line-of- sight  (CFLOS)  probabilities  for  an  acquisition  range  of 

1  km  and  depression  angles  of  20°,  50°,  and  90°  for  several  regions.  There 
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TABLE  5-1   (U) 
CLOUD-FREE-LINE-OF-SIGHT  PROBABILITIES  FOR  A  1  KM  SLANT  RANGE  (U) 


Location 

Depression  Angle 

20° 

50° 

90° 

Berlin 
(Winter) 

.72 

.64 

.58 

Moscow 
(Winter) 

.68 

.52 

.51 

Cairo 
(Winter) 

.93 

.89 

.89 

Cyprus 

.97 

.97 

.96 

t 


Measured  with  Respect  to  Horizontal 
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is  clearly  a  significant  advantage  in  approaching  a  target  at  20°  rather  than 
from  90°  during  the  winter  in  Europe.  Decreasing  the  acquisition  range  in 
order  to  increase  the  CFLOS  probability  is  undesirable  since  the  result  would 
be  a  smaller  impact  footprint  and,  therefore,  the  need  for  correspondingly  more 
munitions  to  cover  a  given  region. 

For  lower  angle  approaches  the  major  concern  is  attenuation  due  to  the 
atmosphere  and  aerosol  obscurants  such  as  smoke  and  dust.  The  constraints 
are  two -fold.  The  first  is  a  potential  range  limitation  introduced  by  the 
attenuation  of  both  the  target  signature  and  the  background  clutter  to  the 
point  where  system  noise  rather  than  clutter  tends  to  limit  detection  ability. 
Figure  5-6  shows  a  statistical  representation  of  weather  attenuation  in  a 
central  European  region  in  a  number  of  wavebands  of  interest.  Data  of  this 
type  can  be  used  in  predicting  the  required  noise  equivalent  temperature  for 
a  prescribed  operational  resistance  to  the  effects  of  an  attenuating  atmosphere. 

A  somewhat  more  subtle  problem  is  related  to  the  wavelength  dependence 
of  an  attenuating  medium  and  its  effect  on  the  performance  of  spectral  dis- 
crimination techniques.  Since  most  of  the  techniques  employed  to  discriminate 
between  targets  and  fires,  flares,  and  other  false  targets  rely  on  a  measure- 
ment of  the  relative  amounts  of  energy  received  in  two  independent  infrared 
wavebands,  large  classification  errors  can  result  if  the  target  is  viewed 
through  a  selectively  absorbing  medium  such  as  the  smokes  listed  in  Table-2-3. 
Techniques  are  now  being  developed  to  adapt ively  correct  for  these  wavelength 
variations  so  as  to  extend  the  range  of  validity  of  these  algorithms  to  a 
larger  class  of  environmental  conditions. 
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A  final  operational  consideration  of  importance  for  the  horizontal 
scenario  is  that  of  intervisibility.  Studies  of  terrain  unmasking  for  a 
tank-on- tank  engagement  indicate  that  masking,  especially  by  vegetation, 
is  the  most  serious  obstacle  to  target  acquisition.  Field  studies  in 
the  Fulda  area  and  North  German  planes  indicate  that  for  ranges  less 
than  1  km  the  Pjqc  may  be  as  high  as  501,  whereas  at  longer  ranges  the 
number  drops  to  10-25%.  Modeling  studies  confirm  these  results  and  predict 
that  at  1  km  or  less  many  regions  have  a  Pjqo  between  40  and  801,  whereas 
at  3  km,  unless  the  viewing  site  is  carefully  chosen  for  high  elevation, 
the  Pj^o  drops  to  6-25%.  This  intervisibility  problem,  coupled  with  the  need 
for  high  resolution  in  horizontal  approach,  indicates  the  utility  of  a  short 
range  (y   500  m)  acquisition. 

6.  CONCLUSIONS 

In  this  paper  we  have  attempted  to  enumerate  and  quantify  those  factors 
which  are  likely  to  affect  the  performance  of  autonomous  infrared  seekers  in 
a  combat  environment.  While  it  is  difficult  at  this  stage  of  the  analysis 
to  provide  an  absolute  evaluation  of  the  overall  utility  of  such  a  system 
for  an  arbitrary  operational  scenario,  several  important  trends  have  been 
identified.  In  particular,  we  have  emphasized  the  efficacy  of  two-dimensional 
matched  filters,  two-color  spectral  discrimination,  and  full  scene  search 
target  selection.   All  of  these  objectives  are  achievable  with  current 
technology. 
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In  summary,  it  now  appears  that  there  are  a  number  of  munitions  delivery 
scenarios  for  which  autonomous  seekers  will  work  well  enough  and  be  cheap 
enough  to  offer  a  cost-effective  alternative  to  laser-designated  seekers  and 
lock-on-before- launch  missiles.  Future  efforts  should  be  directed  toward 
obtaining  reliable  operational  utility  estimates  through  field  tests  con- 
ducted under  realistic  battlefield  conditions. 
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III.     IR    PROJECTILE  TRACKING 


A.      INTRODUCTION 


An  infrared  projectile  tracking  system  was  developed  to  detect  the  thermal  emission  of 
in-flight  artillery  and  mortar  projectiles.  The  passage  of  a  projectile  through  the  field  of  view 
of  a  horizontal,  linear  array  of  staring  infrared  detectors  provides  high-resolution  azimuth  and 
elevation  angular  measurements.  The  IR  detector  signal  also  cues  a  laser  ranger  to  perform  a 
range  measurement  at  this  position.  These  measurements  are  performed  at  two  or  three  posi- 
tions along  the  projectile's  trajectory,  and  the  resulting  data  are  used  to  predict  the  launch  posi- 
tion of  the  projectile.     Downleg  tracking  can  also  be  performed  in  order  to  adjust  indirect  fire. 

The  results  of  a  successful  demonstration  of  an  infrared  projectile  tracking  system  were 
reported  earlier.      At  present,    the  U.S.   Army  Night  Vision  and  Electro-Optic  Laboratory  has 
assumed  responsibility  for  the  further  development  of  this  concept.     Lincoln  Laboratory  is  con- 
tinuing to  provide  technical  support  for  this  program  including  analysis  of  projectile  infrared 
signature  data,    investigation  of  tracking  techniques,    and  modeling  the  performance  of  various 
configurations  of  such  systems. 

The  most  recent  high- resolution  artillery  infrared  signature  measurements     have  been 
completely  analyzed,    and  the  emissivity  of  components  of  both  the  105-  and  155-mm  howitzer 
projectiles  have  been  measured.     This  information  has  permitted  the  development  of  a  model 
which  estimates  the  true  thermodynamic  temperature  profile  along  the  longitudinal  axis  of  the 
projectile.     Furthermore,    the  distribution  of  infrared  energy  across  the  spectrum  is  predicted 
as  a  function  of  projectile  initial  temperature  and  muzzle  velocity. 

4  5 
The  operational  utility  prediction  program  which  was  described  earlier  '     has  been  up- 
dated with  the  addition  of  the  new  Air  Force  Geophysics  Laboratory  (AFGL)  computer  code 
LOWTRAN  4.     The  AFGL  code  includes  sky  radiance  as  well  as  atmospheric  transmission;   the 
sky  radiance  is  very  important  in  calculating  the  infrared  contrast  presented  by  a  projectile  to 
an  IR  detector.     A  comparison  of  LOWTRAN  4  radiance  calculations  and  sky  radiance  measure- 
ments has  been  made. 

B.      ADVANCED  ARTILLERY    SIGNATURE   MODEL 

The  preliminary  results  of  a  series  of  high  spatial  resolution  8.0-  to  12.0-^m  and  3.5-  to 
5.2-nm  infrared  signatures  of  both  subsonic  and  supersonic  artillery  projectiles  have  been  re- 
ported.     These  measurements  permitted  the  calculation  of  the  apparent  temperature  distribu- 
tion across  the  longitudinal  axis  of  the  projectile.     The  emissivities  of  the  components  of  the 
U.S.   howitzer  projectiles  shown  in  Fig.  Ill  —  1  were  measured  at  the  Laboratory  with  a  commer- 
cial radiometer,    and  the  projectedcross  sectional  area  of  each  component  was  calculated. 
Table  III  —  1  lists  both  the  emissivities  and  projected  cross  sectional  areas  for  both  the  105-  and 
155-mm  projectiles.      The  thermodynamic   temperature  distribution  along  the   projectile   was 
calculated  from  these  measurements  and  these  temperature  increases  are  listed  as  a  function 
of  projectile  muzzle  velocity  in  Tables  III-2  and  -3. 
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TABLE  II 1-2    [C] 

THERMODYNAMIC    TEMPERATURE    INCREASE    OF    THE   COMPONENT    PARTS   OF    A 
US    Ml  105  mm   ARTILLERY    PROJECTILE    AS    A   FUNCTION   OF    MUZZLE   VELOCITY    (UJ 

Component 

Muzzle  Velocity 

1 95  m/sec 

212  m/sec 

233  m/sec 

262  m/sec 

302  rry/sec 

366  rr/sec 

465  rr/sec 

Fuze 

2°C 

1°C 

1°C 

9°C 

8°C 

18°C 

27  °C 

Body 

3°C 

3°C 

3°C 

7°C 

7°C 

16°C 

22  °C 

Rotating  Band 

274  °C 

274  °C 

274  °C 

274  °C 

255  °C 

255  °C 

244  °C 

Tail 

19°C 

19°C 

19°C 

19°C 

18°C 

27  °C 

31  °C 

Note:    Standard  deviation  ±  10%  or  ±  1  °C   whichever   is    larger. 

TABLE   II 1-3    [C] 

THERMODYNAMIC    TEMPERATURE    INCREASE    OF    THE   COMPONENT    PARTS    OF    A 
US    M107    155  mm   ARTILLERY    PROJECTILE    AS    A   FUNCTION    OF   MUZZLE   VELOCITY    (U] 

Component 

Muzzle  Velocity 

268  m/sec 

375  m/sec 

564  m/sec 

Fuze 

6°C 

12°C 

25  °C 

Body 

6°C 

12°C 

25  °C 

Rotating  Band 

270  °C 

250  °C 

241  °C 

Tail 

16°C 

48  °C 

44  °C 

Note:    Standard  deviation  ±10%   or  ±  1  °C  whichever  is   larger. 
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[C|  Using  these  data,    a  model  for  the  spectral  distribution  of  infrared  radiation  for  each  of 

the  projectiles  as  a  function  of  muzzle  velocity  could  be  constructed.     This  model  treats  each 
projectile  as  a  set  of  four  greybody  radiators  with  the  temperature  of  each  component  determined 
by  the  sum  of  the  ambient  temperature  and  the  temperature  increase  associated  with  a  specified 
muzzle  velocity.     The  total  spectral  radiant  intensity  of  the  projectile  is: 

4 

A.e.C 

\   =     Z       [   V         r    A  T W/srum    (80) 


x  "  ,ri5  -C?/X  T. 

1=1  e 


1 


where 


C1  =  3.74  x  1(T  W|im4/cni 

C2  =  1.44  x  104  Km  K 

\  =  wavelength,   ^m 

T.  =  absolute  temperature  of  i      component,    K 

A.    =    area  of  i      component,   cm 

•      •    ■.       r  -th 
€.     -    emissivity  of  i      component 

Examples  of  the  spectral  radiant  intensity  for  both  105-  and  155-mm  howitzer  projectiles  are 
given  in  Figs.  III-2,    -3,    -4,    and  -5.     Note  that  in  this  model  the  rotating  band  on  the  projectile 
contribut<g&£h,e  most  significant  portion  of  the  spectral  radiant  intensity  in  the  3.5-  to  5.2-|xm 
atmospheri^window.     In  the  8.0-  to  12.0-^im  region,    the  body  of  the  projectile  contributes  almost 
two-thirds  of  the  total  spectral  radiant  intensity.     The  infrared  contrast  presented  by  a  target  is 
the  difference  between  its  radiant  intensity,    I,    and  the  product  of  the  sky  radiance  L    (9),    and  the 
projected  area  of  the  target,   AT.     Since  the  product  L    (9)  A—  is  significant  in  comparison  to  I, 
the  value  used  for  L    (9)  is  important.     Field  measurements  of  L    (9)  were  made  during  1976 
and  1977;    however,    these  measurements  were  limited  to  the  winter  months.     The  values  obtained 
during  these  measurements  were  used  as  a  model  for  sky  radiance  for  both  the  summer  and  win- 
ter.    With  the  addition  of  LOWTRAN   4  to  the  operational  utility  code,   the  clear-sky  radiance  can 
be  calculated  based  on  observed  atmospheric  conditions. 

(U]  A  comparison  between  measured  clear-sky  radiance  and  the  results  obtained  from 

LOWTRAN   4  are  shown  in  Figs.  HI-6  and  -7.     The  comparison  indicated  that  the  3.5-  to  5.2-fim 
measurements  obtained  in  February  1977  are  in  close  agreement  with  LOWTRAN   4  for  both 
summer  and  winter.     The  sky  radiance  in  the  8.0-  to  12.0-fj.m  region  changes  dramatically  be- 
tween winter  and  summer  in  the  LOWTRAN   4  model.     This  is  due  to  the  large  increase  in  ab- 
solute humidity  during  the  summer^     Figure  III-7  illustrates  three  winter  measurements  made 
at  about  the  same  temperature  and  absolute  humidity.     The  agreement  between  these  measure- 
ments and  LOWTRAN   4  (winter)  is  fairly  good  up  to  a  6°  elevation  angle.     These  results  indicate 
that  the  operational  utility  curves  generated  prior  to  the  addition  of  LOWTRAN   4  are  accurate 
for  the  3.5-  to  5.2-^m  region  and  the  8-  to  12-p.m  region  during  the  winter.     Calculation  of  the 
operational  utility  of  an  8.0-  to  12.0-nm  IR  projectile  tracking  system  during  the  summer  was 
somewhat^ii^her  than  would  be  expected  from  this  updated  model. 
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IV.     TWO-COLOR   IR   ACQUISITION   TECHNIQUES 


INTRODUCTION 


[C]  The  latest  phase  of  the  passive  infrared   acquisition   study  has   concentrated  on  the 

collection  of  target  signature  data  using  helicopter-mounted  instrumentation  and  in  the  devel- 
opment of  more  reliable  data  analysis  methods.     Two  general  trends  in  the  overall  direction  of 
this  program  are  notable.     The  first  is  an  increased  emphasis  on  tank  targets  which  are  both 
cooler  and  physically  larger  than  fired  artillery  targets,    and  the  second  is  a  growing  interest 
in  the  acquisition  of  resolved  objects  which  subtend  from  4  to  2  0  pixels.     The  motivation  for 
the  resolved-target  research  originated  with  the  results  of  the  T-62  tank  measurement  experi- 
ment conducted  in  June  of  1977  which  pointed  to  a  need  for  spatial  resolution  sizes  less  than 
1  mrad  for  acquisition  ranges  greater  than  i  km.     These  results  were  discussed  in  the  last 
SATSR* 

(C)  Since  the  last  reporting  period,   three  principal  tasks  have  been  completed.     [U] 

[U]  (1)     A  six-week  field  test  was  conducted  at  Cape  Cod  during  the  months 

of  February  and  March  of  this  year.     The  primary  goal  of  this  experi- 
ment was  to  study  the  heating  rates  of  105-  and  155-mm  artillery  fired 
under  winter  conditions.     A  number  of  additional  measurements  were 
also  completed  including  the  firing  of  an  M-48  tank  gun,    the  collection 
of  shell-hole  heating  data,   and  several  measurements  of  ship  signatures. 

[C]  (2)     In  May  of  this  year,    a  four-week  test  was  performed  at  Fort  Hood, 

Texas,   to  obtain  high-resolution  signature  data  on  the  T-62  Soviet  tank 
at  ranges  in  excess  of  1  km.     Several  other  experiments  were  also  per- 
formed including  the  collection  of  T-62  and  M-60  signatures  with  the 
Two-Color  System  and  countermeasure  data  on  the  effects  of  red  phos- 
phorous smoke  and  tank  decoy  flares. 

[U]  (3)     The  major  data  analysis  effort  over  the  last  six  months  has  centered 

around  the   utilization  of  the   histogram  manipulation   procedure  de- 
fined in  the  last  SATSR.     This  technique  has  been  used  to  compare  the 
performance  of  five  separate  spatial  filters  and  two  final  target  selection 
procedures  against  actual  background  scenes  containing  implanted  point 
targets.     These  results  have  been  published.^ 

B.      FIRING  ARTILLERY    EXPERIMENTS 

[U]  The  main  body  of  testing  at -Cape  Cod  consisted  of  a  series  of  data  runs  in  which  either 

the  105-  or  the  155-mm  gun  was  fired  at  a  rate  of  1  round/min.  for  10,    15,   or  20  rounds.     At 


[U]  *  Semiannual  Technical  Summary,    "ARPA/TTO  Program  HOWLS"  [Uj.    Lincoln  Laboratory, 
M.I.T.  (31  January  1977),    DDC  AD-C010502,    CONFIDENTIAL. 

[UJ  t  R.  R.  Parenti  and  H.  M.  Buss.    "An  Analytic  Technique  for  Evaluating  Autonomous  Acqui- 
sition Methods"  [U],    Proc.  IRIS.    Colorado  Springs,    16-17  May  1978.    CONFIDENTIAL. 
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the  completion  of  the  firing  sequence,    the  Two-Color  sensor  was  flown  into  the  test  area  and 
circled  the  weapon  at  a  fixed  range  and  depression  angle  to  collect  signature  data  as  a  function 
of  aspect  angle.     Data  were  collected  in  this  manner  for  depression  angles  of  20*  and  50*  and 
at  ranges  from  l/Z  to  Z  km.     Gun  heating  rate  information  was  obtained  from  direct-contact 
thermocouple  measurements  performed  between  each  round.     While  most  of  the  results  from 
this  test  are  still  being  compiled  and  anlyzed,   it  can  be  stated  that  the  gun  heating  rate  results 
appear  to  be  consistent  with  those  obtained  in  the  artillery  experiment  conducted  at  China  Lake, 
California,   in  1977* 

[U]  One  of  the  more  unique  aspects  of  this  particular  test  series  was  the  attempt  made  to 

characterize  the  signatures  of  shell  holes  as  a  function  of  time.     These  measurements  were 
performed  by  allowing  the  helicopter  to  hover  just  behind  the  firing  location  until  the  shell  had 
been  fired  and  to  immediately  locate  and  scan  the  ho"le  produced  by  the  exploding  shell.     In  this 
manner,   it  was  possible  to  follow  the  thermal  history  of  the  impact  area  between  1  and  20  min. 
after  detonation.     The  motivation  for  the  shell-hole  signature  experiment  originates  from  a 
concern  that  such  battlefield  artifacts  may  confuse  autonomous  sensors  programmed  to  search 
for  warm  thermal  targets.     The  results  of  this  test  are  somewhat  inconclusive  both  because  of 
the  small  number  of  shell  holes  observed  and  in  the  inconsistency  of  the  hole  signatures.     Fig- 
ure IV-1  shows  the  infrared  images  for  the  10-  to  13-fim  wavelength  region  of  two  of  the  five 
data  runs.     Figure  IV-l(a)  shows  the  signature  obtained  from  the -first  shell  hole  measured  in 
this  test;    it  shows  a  clear  indication  of  a  strong  temperature  differential  at  the  location  of  the 
shell  explosion.     Figure  IV-l(b)  is  the  image  of  a  similar  hole  created  only  5  min.   later  showing 
essentially  no  evidence  of  an  infrared  signature.     The  cause  of  this  discrepancy  may  be  that  the 
dominant  thermal  mechanism  in  the  generation  of  shell-hole  signatures  is  the  temperature  of 
the  earth  exposed  by  the  explosion  rather  than  the  heating  effects  generated  by  the  explosion  it- 
self.    Further  investigation  will  be  required  to  understand  these  signatures  and  their  causal 
mechanisms. 

C.      TANK  SIGNATURE  EXPERIMENTS 

[Cj  The  principal  objective  of  the  tests  conducted  at  Fort  Hood  was  the  verification  of  the  ef- 

fectiveness of  high-resolution  imagery  in  the  acquisition  of  Soviet  tank  targets  at  tactical  ranges. 
In  order  to  obtain  this  type  of  information,    an  AGA  Thermovision  10-^m  camera  was  outfitted 
with  a  0.2  5  resolution  lens  system  and  was  modified  to  be  operated  from  the  existing  helicopter 
platform.     The  installation  of  this  system  is  pictured  in  Fig.  IV-2.     The  total  field  of  view  of 
this  sensor  is  2°,    its  NET  is  0.4  "C.    and  the  frame  time  1/16  sec.     A  digital  data  field  is  pro- 
duced containing  5500  data  points  in  each  frame. 

[C]  An  example  of  the  type  of  results  obtained  with  this  instrument  is  shown  in  a  series  of 

the  four  data  frames  presented  in  Fig.  IV-3.     In  this  particular  test,    a  T-62  tank  was  driven  in 
a  broad  circle  through  a  field  containing  grassy  areas,   dirt  roads,   and  regions  of  sand  and 
gravel.     These  data  were  taken  from  a  range  of  1200  m  at  a  depression  angle  of  20°,   and  the 


[U  |  -Semiannual  Technical  Summary,    "ARPA/TTO  Program  HOWLS"    [U],    Lincoln  Laboratory, 
M.I.T.  (31  July  1977),    DDC  AD-C012451 ,    CONFIDENTIAL. 
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Fig.  IV-3.     Operating  tank  signature  as  a  function  of  aspect 
from  a  range  of  1200  m.     [  U| 
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Fig.  IV-4.     Passive  infrared  signature 
sources  for  operating  tank  target.    [U) 


D.      ALGORITHM   STUDY 

[U]  In  the  last  SATSR,   an  algorithm  evaluation  method  was  described  which  is  useful  in 

predicting  the  acquisition  performance  of  both  threshold  detection  schemes  and  the  method  used 
by  the  HOWLS  Two-Color  data  processor  of  searching  the  full  data  scene  before  selecting  the 
most  likely  target  pixel.     An  integral  part  of  the  evaluation  procedure  is  the  utilization  of  a 
library  of  background  scenes  as  a  method  of  obtaining  unbiased  and  statistically  significant 
results. 

[C]  The  spatial  filters  which  have  been  investigated  to  date  include  a  variety  of  3  X  3  linear 

and  nonlinear  operators.  The  linear  operators  can  be  defined  by  a  mask  which  is  passed  over 
each  scene  element  to  produce  a  weighed  sum  of  the  pixels  under  the  mask.  For  example,  the 
one-dimensional  operator 


hl   = 


0 

-1/2 

0 


0 

-1/2 

0 


subtracts  from  the  central  pixel  the  average  of  the  cells  to  the  left  and  right  of  the  center.    This 
particular  matrix  also  represents  a  digital  second-derivative  operator  for  point  targets  and  is 
expected  to  be  useful  for  target  acquisition  in  scenes  which  have  non-zero  spatial  correlation 
distances*     The  corresponding  two-dimensional  operator  is  the  Laplacian, 

0         -1/4  0 

-1/4  1  -1/4       . 

0  -1/4  0 


h2  = 


(Ul  *A.  Rosenfield  and  A.  C.  Kak,    Digital  Picture  Processing  (Academic  Press,   New  York,  1976). 
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Fig.  IV-6.     Target  acquisition  probability  as  a  function  of  target  signature.     (U) 

Figure  IV-6  shows  the  improvement  achieved  when  these  spatial  filters  are  employed  and  the 
differences  in  performance  between  thresholding  and  full   scene  search  target  acquisition.    This 
plot  gives  the  target  detection  probability  as  a  function  of  the  target  signal  strength  for  a  single 
data  scene  collected  in  North  Andover.    Massachusetts,   during  the  winter  of  1976.     The  results 
presented  in  this  figure  are  typical  of  those  found  for  other  sunny  daytime  backgrounds  and  in- 
dicate that  the  minimum  target  signature  required  to  achieve  a  90-percent  detection  probability 
is  smaller  by  a  factor  of  nearly  2  for  a  search  system  employing  a  two-dimensional  spatial  filter 
and  full   scene  target  search  as  compared  with  one  using  a  one-dimensional  filter  and  a  conven- 
tional adaptive  threshold. 

E.      FUTURE   PLANS 

[U]  During  the  next  six  months,    considerable  effort  will  be  placed  on  the  understanding  of 

the  tank  as  a  target  for  autonomous  acquisition  and  on  the  development  of  spatial  filters  for  the 
resolved  images  recorded  by  the  high-resolution  infrared  camera.     In  addition,   plans  are  being 
made  for  a  construction  of  a  second-generation  two-color  sensor  which  would  provide  high- 
resolution  data  simultaneously  in  two  wavebands,    over  a  large  field  of  view  and  at  a  rapid  frame 
rate.     This  sensor  will  also  include  the  capability  for  real-time  target  acquisition  and  transition 
to  track  and  will  be  able  to  simulate,   in  hardware,   all  the  functions  of  a  variety  of  sensor  con- 
figurations,  for  testing  in  real  environments. 
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III.     IR    PROJECTILE    TRACKING 


A.      INTRODUCTION 


A  covert,  infrared  projectile  tracking  system  is  being  developed  to  solve  the  problem 
of  locating  hostile  mortar  and  artillery  pieces.  This  system  detects  the  infrared  emission  of 
a  projectile  as  it  passes  through  the  field  of  view  of  a  linear,  horizontal  fence  of  infrared  de- 
tectors. These  detectors  provide  azimuth,  elevation,  and  crossing-time  data  in  order  that  a 
pulsed  laser  can  be  cued  to  perform  range  and  range-rate  measurements.  These  measurements 
are  performed  at  several  positions  along  the  projectile's  trajectory  with  a  sufficient  accuracy 
to  be  useful  in  predicting  the  original  launch  position  of  the  projectile. 

A  brassboard   version  of  an  infrared  mortar  locator  system  has  been  constructed  and 
successfully  tested.*    At  present,   the  Army  Night  Vision  and  Electro-Optic  Laboratory  has  re- 
sponsibility for  the  future  development  of  this  concept.     Lincoln  Laboratory  is  continuing  to  pro- 
vide technical  assistance  to  NV&EOL  in  the  form  of  tracking  techniques  modeling  and  analysis. 

Lincoln  Laboratory  has  been  investigating  the  utility  of  a  pulse  Doppler  infrared  projec- 
tile tracking  system.  This  system  configuration  utilizes  the  Doppler  velocity  information  made 
available  with  a  heterodyne  CO,  laser  radar.  A  significant  reduction  in  the  size  of  the  infrared 
focal  plane  as  well  as  improvements  in  system  operational  utility  result  with  this  implementation. 

Two  contractor  studies  of  an  infrared  mortar  locator  system  have  been  completed  for 
NV&EOL.      These  studies  have  helped  to  define  the  threat  ag^ell  as  the  system  parameters  of 
an  infrared  projectile  tracker.      Lincoln   Laboratory  providgradata  and  technical  assistance  to 
both  contractors  during  this  study. 

B.   PULSE  DOPPLER  MORTAR  LOCATOR 

Several  studies* §  J  have  concluded  that  a  CO,  laser  is  the  optimum  laser  for  use  with 
an  IR  projectile  tracking  system.      Atmospheric  transmission,   transmission  through  military 
screening  aerosols,   laser  efficiency,   and  eye  safety  all  favor  the  CO,  laser  (10.6  p.m)  over  the 
Nd  laser  (1.06  (j.m).     Furthermore,  the  sensitivity  advantage  of  heterodyne  operation  is  available 
with  the  CO,  laser.     A  CO,  heterodyne  laser  radar  also  provides  another  significant  advantage; 
that  is,   measurement  of  the  Doppler  velocity  of  a  projectile.     Lincoln  Laboratory  has  investi- 
gated the  impact  of  using  this  Doppler  velocity  measurement  on  system  location  accuracy,   IR 
focal  plane  design,   and  operational  utility. 


*  Semiannual  Technical  Summary,    "ARPA/TTO   Program  HOWLS"  (U),    Lincoln  Laboratory, 
M.I.T.    (31  July  1975),   p.  45,    DDC  AD-C004725.    SECRET. 

t  Semiannual  Technical  Summary,    "ARPA/TTO   Program  HOWLS"  [U],    Lincoln  Laboratory, 
M.I.T.    (31  January  1978),   DDC   AD-C014038.    CONFIDENTIAL. 

t  R.  J.  Becherer,    "Pulsed  Laser  Ranging  Techniques  at  1.06  and  10.6  urn,"  Project  Report  TT-8, 
Lincoln  Laboratory,    M.I.T.    (19  March  1976),    DDC   AD-A024557/1,    UNCLASSIFIED. 

§L.  Bergere  et  aL,    "Infrared  Mortar  Location  Design  Study"  [U],   General  Electric  Final  Report 
EH-78117  (September  1978),    CONFIDENTIAL. 

IS.  King  et  ah,    "Infrared  Mortar  Locator  (IRML)  System  Design  Study"  (U],    Ford  Aerospace 
and  Communications  Corporation  Final  Report  (to  be  published),    CONFIDENTIAL. 
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Fig.  Ill- 1 .     Pulse  Doppler  infrared  mortar  locator  system. 
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[C]  Infrared  projectile  tracking  systems  require  a  minimum  of  six  independent  measure- 

ments of  trajectory  data.     Systems  employing  measurements  of  two  azimuth,   two  elevation,   and 
two  range  points  as  well  as  three  azimuth,   three  elevation,   and  one  range  point  have  been  con- 
sidered.    The  pulse  Doppler  infrared  mortar  locator  would  measure  range,    range  rate,   azimuth, 
azimuth  rate,  elevation,   and  elevation  rate  at  a  single  position  along  the  trajectory.     Figure  III  —  1 
illustrates  the  concept.     Two  double  fences  of  infrared  detectors  form  a  horizontal  "barrier" 
projected  into  space.     The  lower  fence  is  utilized  to  cue  the  heterodyne  laser  radar  to  the  appro- 
priate position  in  space  over  the  upper  fence  of  detectors.     Measurements  of  projectile  azimuth, 
elevation,   azimuth  rate,   and  elevation  rate  are  obtained  with  the  upper  fence  of  IR  detectors. 
Range  and  range  rate  are  measured  with  the  pulsed  COz  laser  radar.     This  system  requires 
only  two-thirds  of  the  infrared  detectors  used  in  all  other  infrared  projectile  trackers.     Further- 
more,  since  the  spacing  between  the  upper  and  lower  fences  is  only  2*  instead  of  the  total  4°  to 
6°  of  other  systems,   this  system  has  fewer  operational  problems  with  low  clouds  and  low -fly 
trajectories. 

[C]  The  weapon  location  accuracy  of  a  typical  pulse  Doppler  mortar  locator  has  been  deter- 

mined.    The  system  employs  an  infrared  focal  plane  with  individual  detector  fields  of  view  of 
0.3  mrad  x  0.3  mrad  and  a  detector  vertical  separation  of  6  mrad  (within  the  fence).     The  hetero- 
dyne,   CO?  laser  radar  has  a  range  error  of  10  m  and  a  range  rate  error  of  10  m/sec.     The 
most  significant  location  errors  are  along  the  range-range  rate  direction.     The  system  CEP 
location  error  is  shown  in  Fig.  III-Z  for  a  range  of  trajectory  muzzle  velocities,  quadrant  ele- 
vations, and  ranges.     The  worst  case  CEP  errors  are  encountered  during  measurement  of  the 
low-velocity  (100  m/sec)  low -quadrant-elevation  (45°)  projectile  trajectories. 

C.      IR   MORTAR   LOCATOR  SYSTEM  DESIGN   STUDY 

[C]  Two  infrared  mortar  locator  design  studies  have  recently  been  completed  for  NV&EOL. 

The  studies  concluded  that  an  infrared  mortar  locator  with  a  range  of  about  7000  m  would  be 
located  1000  to  2000  m  behind  the  forward  edge  of  the  battle  area  (FEBA).     Both  contractor- 
designed  systems  would  employ  projectile  detection  in  the  3.5-  to  5.0-p.m  waveband  and  a  hetero- 
dyne CO^  laser  radar.     One  contractor  design*   employed  the  pulse  Doppler  concept  suggested 
by  Lincoln  while  the  other  design^  used  three  azimuth,   three  elevation,   and  one  range  measure- 
ment as  shown  in  Fig.  Ill  -  3  -     Both  systems  had  a  total  field  of  view  of  about  30°  and  could  be 
mounted  in  a  l/4-ton  vehicle.     These  studies  will  be  used  as  a  basis  for  the  construction  of  a 
technology  demonstration  infrared  mortar  locator  system. 


[UJ  *  L.  Bergere  et  ah,  "Infrared  Mortar  Location  Design  Study"  [U],   General  Electric  Final 
Report  EH-78117  (September  1978).   CONFIDENTIAL. 

[U]  t  S.  King  et  ah,    "Infrared  Mortar  Locator  (IMRL)  System  Design  Study"  [UJ,    Ford  Aero- 
space and  Communications  Corporation  Final  Report  (to  be  published),   CONFIDENTIAL. 
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Fig.  in-3.     Infrared  mortar  locator  system  employing  range  measurement 
at  second  IR  fence. 


D.      SUMMARY 

A  pulse  Doppler  infrared  mortar  locator  system  has  been  investigated  with  the  conclu- 
sion that  significant  reductions  in  focal-plane  complexity  as  well  as  improved  operational  utility 
are  obtained  with  this  type  of  system.     Weapon  location  errors  obtained  with  the  pulse  Doppler 
system  are  comparable  with  those  of  other  infrared  projectile  trackers  and  are  well  within  the 
Army's  requirement  for  a  mortar  locator. 

With  the  completion  of  the  contractor  design  studies,  NV&EOL  is  now  able  to  let  a  con- 
tract for  the  construction  of  a  technology  demonstration  system.  Lincoln  Laboratory  will  con- 
tinue to  advise  NV&EOL  on  infrared  projectile  tracking  techniques. 
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IV.     TWO-COLOR   IR   ACQUISITION   TECHNIQUES 


INTRODUCTION 


(S)  During  the  past  six  months,    the  primary  emphasis  of  the  Infrared  Acquisition  program 

has  been  directed  toward  completion  of  the  analysis  of  existing  background  and  target  data.     This 
ongoing  analysis  effort  can  be  grouped  into  three  general  categories: 

(1)  In  May  of  this  year,   a  two-day  experiment  was  conducted  at  Fort  Belvoir 
to  measure  the  infrared  signatures  of  a  variety  of  military  generators 
with  particular  emphasis  on  the  60  kW  EMU-30  Patriot  generator.     An 
effort  is  now  under  way  to  use  these  data  to  construct  a  computer  model 
capable  of  predicting  the  generator's  signature  as  a  function  of  range, 
aspect,   and  depression  angle. 

(2)  Over  the  past  two  years,    a  number  of  field  efforts  have  been  conducted 
to  gather  signature  data  on  the  American  M-48  and  M-60  tanks  as  well 
as  the  Soviet  T-55  and  T-62  tanks.     An  effort  is  now  being  made  to 
consolidate  this  information  in  order  that  direct  signature  comparisons 
can  be  made  between  dissimilar  weapons  and  as  an  aid  in  the  prediction 
of  target  characteristics  for  weather  and  terrain  conditions  for  which 
tests  have  not  yet  been  conducted. 

(3)  In  the  last  SATSR,   it  was  noted  that  a  set  of  optimal  linear  operators  had 
been  derived  for  point-target  acquisition.     Since  that  time,    the  perfor- 
mance of  these  filters,   and  others,   has  been  evaluated  for  an  ensemble 
of  20  infrared  background  scenes. 

B.     GENERATOR   SIGNATURES 

[S]  In  June  of  1978,    the  infrared  signatures  of  various  field  engine-generator  sets  were 

measured  at  Fort  Belvoir,  Virginia.     The  object  of  these  measurements  was  to  determine  the 
vulnerability  of  the  60-kW,   EMU-30  gas  turbine  engine-generator  to  an  IR  threat.     This  particu- 
lar generator  is  proposed  for  the  Patriot  missile  system.     Eight  other  engine-generators 
were  also  measured. 

[U)  During  these  tests,    the  generators  were  placed  in  a  line,   about  10  m  apart,   along  one 

side  of  an  abandoned  dirt  runway  as  shown  in  Fig.  IV- 1.     A  set  of  loadbanks,   which  placed  each 
generator  at  full  rated  load,   was  lined  up  on  the  other  side,  about  30  m  from  the  generators.    The 
helicopter  flew  around  the  generators  and  took  data  from  depression  angles  of  20°,    50°,   and 
90°.     Most  of  these  data  were  taken  from  a  1-km  slant  range  under  early  morning/low  solar 
load  conditions. 

[U]  An  example  of  the  data  collected  during  this  experiment  is  shown  in  Fig.  IV-2.     The  line 

of  generators  is  viewed  from  the  exhaust  side  with  generator  No.  10  being  on  the  left,  generator 
9  missing  due  to  a  breakdown,   and  the  rest  of  the  generators  visible.     Above  the  generators  is 
the  line  of  loadbanks  which  are,    in  general,    considerably  hotter  than  the  generators  themselves. 
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Fig.rV-i.     Generator  test  setup. 
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Fig.  r\'-2.     Example  of  generator  test  data. 


29 


Unclassified 


20-  OEPHESSION 


NOTE:     DAT*  WERE  TAKEN  OuRINO 
The  EARLY  MORNINC 


90*   SIGNATURE  ■  «0  7 


ALL  UNITS  ARE  WATTS  .STER-' 
IN  BANO 

"BACKGROUND  "  ° '* 


Fig.  IV-3.     3.5-  to  5.2-Lim  signature 
(early  morning).     (U) 
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Fig.  IV-4.     10.3-  to  12.6-nm  signature 
(early  morning).     (U) 


[S]  At  this  time,   nearly  all  of  the  EMU-30  test  data  have  been  reduced.     Contrast  signatures 

in  the  two  bands  are  plotted  in  polar  format  in  Figs.  IV-3  and  IV-4.     Shown  are  the  20*,    50*,   and 
90°  depression-angle  curves  representing  early-morning  signatures  in  the  3.5-  to  5-(im  and 
10-  to  13-Lim  wavebands. 

[S]  These  measurements  show  that  a  signal-to-clutter  gain  of  about  a  factor  of  3  is  achieved 

by  operating  in  the  3.5-  to  5-Lim  waveband  rather  than  in  the  long-wavelength  region.     Based  on 
these  data,   calculations  have  been  made  which  indicate  that  a  surveillance  system  could  be  de- 
veloped,  using  current  technology  with  the  capability  of  detecting  the  EMU-30  generator  at 
ranges  up  to  30  km  under  cloud-free-line-of-sight  conditions. 

C.      TANK  SIGNATURE   ANALYSIS 

[C]  In  an  ongoing  analysis  effort,    the  signatures  of  the  American  M-48  and  M-60  and  the 

Soviet  T-55  and  T-62  tanks  are  being  cataloged  and  compared  in  order  to  discover  the  more 
significant  signature  producing  mechanisms.     The  available  data  were  collected  with  HOWLS 
Two-Color  sensor  and  the  long-wavelength  AGA  camera  during  two  spring  experiments  at 
Fort  Hood,   Texas  (for  T-62  and  M-6.0  data)  and  a  winter  experiment  at  Cape  Cod  (for  M-48 
data).     The  results  are  most  easily  displayed  in  a  polar  plot  format  which  presents  the  differen- 
tial target  signature  in  units  of  apparent  temperature,   where  the  differential  signature  is  defined 
as  the  difference  between  the  peak  target  pixel  value  and  the  average  background  value. 

(C)  Two  of  the  more  important  factors  affecting  the  target  strength  are  demonstrated  in 

Figs.IV-5  and   IV-6.      Figure  IV-5(a)   shows   the   aspect-dependent  signature  of  an   idling 


UNCLASSIFIED 



• .  : 

•  :  •  -A  ::::::::  : 

Secret 


mflfflffiui 


NOTES      CAMP    EOWAROS.      MASSACHUSETTS 
TCIR    SENSOR    At     I  km 
AMBIENT    TEMPERATURE    2'C 

(0) 


20*  DEPRESSION 
SUNNY 

NOTES       CAMP    EDWARDS,    MASSACHUSETTS     1/31/78   AND    2/15/78 
TANK     MAD    SEEN     JUST     «UN    2  k">    AT     30  km.A' 

rem  senso«  at  i  »- 

AMSIENT    TEMPERATURE    2*C 

(b) 


Fig.  IV-5.     (a)  M -4 8  idling  signature;    (b)  M-48  operating  signature.     [U) 
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Fig.IV-6.     (a)  T-62  and  M-60  cloudy-day  signature;   (b)  T-62  and  M-60 
sunny-day  signature.     [Ul 
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M-48  tank  on  a  sunny  afternoon  in  mid-winter;    Fig.  IV-5(b)  displays  the  corresponding  data  for  a 
running  tank.     It  is  apparent  from  these  plots  that  the  operating  tank  produces  an  infrared  signa- 
ture which  is  about  a  factor  of  2  larger  than  the  idling  tank.     Figure  IV- 6  presents  a  similar 
comparison  of  the  signatures  of  a  T-62  tank  under  cloudy  and  sunny  conditions.     Once  again,    the 
difference  between  these  two  values  is  about  a  factor  of  2.     However,   it  should  be  noted  that  in 
this  case  a  true  signal- to- clutter  improvement  may  not  be  indicated  since  the  average  background 
clutter  is  also  higher  under  sunny  conditions. 

D.      IR  SHIP  SIGNATURES 

[U]  From  1  to  30  June  1978,   we  conducted  measurements  of  U.S.   Naval  fleet  units  as  they 

entered  and  left  the  naval  base  at  Norfolk,    Virginia.     The  HOWLS  Two-Color  helicopter-borne 
sensor  system  was  used  to  obtain  simultaneous  3.5-  to  5-  and  10-  to  13-um  high-resolution 
calibrated  signature  and  background  images  on  the  ships  shown  in  Table  IV-l.     Supporting 


$ 


TABLE    IV-l    (U) 

SUMMARY   OF    NAVY    SHIP    DATA   -   NORFOLK,    VIRGINIA    [U] 
(Data  were  obtained  at  5°,   20°,  and  60°  depression  angle 
from  the  bow,  stern,   port,  starboard,  and  quarter  angles.) 


•  Aircraft  Carrier 

•John  F  .  Kennedy  CV-67  (3) 

•  Spruance  Class  Destroyers 

Radford  DD-968  (2) 
Caron  DD-970 

•  Sea  Fox 

•  Frigates 

*MoinesrerFF-1097(2) 
*T.C.  Hart  FF-1092  (3) 

•  Nuclear  Cruiser 

Virginia  CGN-38 

•  Guided  Missile  Destroyers 

King  DDG-41 
Coontz  DDG-40  (2) 


*  Instrumented  Ship  (thermocouples,  solar  pyranomerer,  cloud  cover  photos,  visibility 
pyrometer,  wind  speed/direction,  ship  speed/heading,  engine  room  temperatures). 
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meteorological  data  were  obtained  for  all  ships.     For  the  three  ships  indicated  in  Table  IV- 1, 
instrumentation  placed  on  the  ships  also  recorded  solar  radiation  levels,    surface  temperatures, 
cloud  cover,   and  other  environmental  parameters. 

[U]         The  calibrated  digital  ship  signature  data  which  were  collected  have  been  used  and  are 
being  used  for  three  purposes.     First,   data  tapes  have  been  distributed  to  naval  laboratories 
including  NRL,   NWC.   NSWC,   DTNSRDC,   and  Navy  Space  Project  (PME  106).    Second,  the  sig- 
nature data  and  supporting  meteorology  data  are  being  used  to  develop  a  computer-based  ship 
signature  model.     Third,   systems  analyses  of  the  target  acquisition,   terminal  homing,   and 
countermeasures  missions  are  being  conducted  using  the  measurement  data. 
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Fig.  TV-7.     Example  of  digital  IR  Ship  Signature  data  obtained  at  Norfolk,   Virginia 
in  June  1978.     The  two-color  distribution   shows  relative  pixel   radiance  in  the  two 
IR  bands.     The  polar  plots   show  average   radiant  intensity  and  dB  variations  at  5" 
and  20°  depression.     [U] 

(TJ]  Figure  TV-7  shows  an  example  of  the  digital  signature  data  obtained.     It  also  shows  polar 

radiation  patterns  calculated  from  the  high-resolution  data  for  the  3.5-  to  5-  and  10-  to  13-nm 
bands  as  used  for  target  acquisition  systems  analyses. 

[U]  Specific  preliminary  systems  analyses  which  have  been  or  are  being  conducted  with  the 

measured  ship  signatures  include  (a)  the  anti-ship  missile  scenario  and  its  dependence  on 
weather,   (b)  the  satellite  ocean  surveillance  scenario,   (c)  the  prediction  of  anti-ship  missile 
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terminal  hit  locations  as  a  function  of  missile  sensor  algorithm,    and  (d)  the  evaluation  of  exist- 
ing and  proposed  countermeasures. 


# 


E.      SPATIAL   FILTER    TESTS    RESULTS 

A  20-scene  background  data  set  has  been  compiled  which  serves  as  a  small,   but  repre- 
sentative sample  of  the  infrared  imagery  collected  with  the  two-color  infrared  sensor  during 
1977.     A  brief  description  of  each  scene  is  presented  in  Table  TV-2.     The  samples  range  from 
data  gathered  in  New  England  in  the  winter  and  spring  to  summer  data  in  Texas  and  California. 

These  terrain  images  have  been  subjected  to  an  autonomous  acquisition  evaluation  tech- 
nique" which  predicts  the  minimum  target  signature  required  for  90%  acquisition  of  point  targets. 
The  filters  which  have  been  applied  to  these  scenes  can  be  grouped  into  two  general  categories. 
The  first  class  could  be  called  empirical  filters  since  they  evolved  chiefly  through  trial-and- 
error  experimentation.     These  include  several  types  of  filters  which  compute  the  difference 
between  the  filtered  pixel  and  a  local  scene  average  value  or  a  local  maximum  pixel  value.     The 
second  class  includes  those  linear  operators  which  are  the  result  of  a  theoretical  signal-to- 
noise  optimization  study  conducted  recently.?    This  study  indicated  that  optimal  linear  operators 
can  be  defined  for  imaging  systems  if  the  system  constraints  are  specified  and  the  scene  corre- 
lation length  is  known.     To  summarize  the  results  of  this  study,   the  optimum  filters  are 


0  0  0 
0  1  0 
0      0      0 

0       0      0 

-1      1      0 

0        0      0 


for  spatially 
uncorrelated 
data 


for  causal,  one- 
dimensional  systems 
and  spatially  correlated 
data 


(rv-D 


(rv-2) 


f 


0         0  0 

-1/2      1      -1/2 

0         0  0 


for  non-causal,   one- 
dimensional  systems 
and  spatially  correlated 
data 


(IV-3) 


*R.R.  Parenti  and  H.  M.  Buss,    "An  Analytic  Technique  for  Evaluating  Autonomous  Acquisi- 
tion Methods,"  Technical  Note  1978-35,   Lincoln  Laboratory,   M.I.T.   (6  November  1978), 
DDC  AD-B032388-L,    UNCLASSIFIED. 

t  J.J.  Otazo  and  R.R.  Parenti,    "Optimal  Linear  Spatial  Filters  for  Unresolved  and  Resolved 
Targets"  (U],   Technical  Note  1979-20  (in  preparation),   CONFIDENTIAL. 
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TABLE    IV-3   [CI 
SPATIAL   FILTER   COMPARISON    RESULTS    [U] 

Scene 
Number 

Location 

Scene 
Group* 

6(°C) 

hl 

h2 

^3 

h4 

1 
2 
3 
4 
5 

North 
Andover, 

Massachusetts 

H 
H 
L 
L 

H 

9.7 

13.7 

3.6 

6.0 

25.0 

5.4 
8.8 
2.4 
2.9 
12.9 

5.6 
7.2 
1.5 
2.7 

8.6 

3.7 
4.4 
1.3 
2.7 

6.8 

6 

7 

Cape  Cod, 
Massachusetts 

L 
L 

1.3 

4.7 

0.5 
2.2 

0.5 
1.5 

0.3 
1.2 

8 

9 

10 

China  Lake, 
California 

L 

H 
H 

2.4 
13.2 
15.4 

2.4 
11.3 
15.9 

1.8 

9.7 

11.0 

1.6 

10.4 

7.1 

11 

12 
13 
14 
15 

Fort  Hood, 
Texas 

H 

H 
L 
H 
H 

12.8 
7.8 
3.9 
6.8 
8.1 

9.6 
5.3 
1.7 

3.1 

3.8 

10.2 
4.1 
1.3 
2.4 
2.7 

5.9 
3.5 
1.0 
2.0 
2.1 

16 

17- 

18 

19 

20 

Hunhville, 

Alabama 

L 
H 
L 
H 
L 

2.8 
13.8 

6.3 
11.3 

6.3 

2.5 
9.4 
3.6 
5.1 
3.5 

1.4 
7.2 
1.8 
3.3 
2.4 

0.7 
3.4 
1.2 
2.2 

1.6 

\ 

4.1 

2.4 

1.7 

1.3 

&H 

12.5 

8.2 

6.5 

4.7 

6 

8.8 

5.6 

43 

3.2 

*H    =    high-clutter  group 
L    =    low-clutter  group 

I 
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/4 

-1/2 

1/4 

1/2 

1 

-1/2 

/4 

-1/2 

1/4 

for  non-causal,   two- 
dimensional  systems 
and  spatially 
correlated  data 


(IV-4) 


Table  IV-3  presents  the  results  of  this  analysis  for  the  20-scene  data  set.     The  symbol 
6   is  used  to  represent  the  signature  required  for  90%  acquisition  and  the  symbols  6„,    6j  ,   and 
6  represent  averages  over  the  high-clutter  scenes,  low-clutter  scenes,  and  the  full  data  sample, 
respectively.    Two  general  conclusions  can  be  drawn  from  this  table.    The  first  is  the  clear 
performance  improvement  which  is  achieved  as  the  restrictions  on  the  filter  design  are  re- 
moved,  with  the  best  performance  demonstrated  by  the  two-dimensional,   non-causal  linear 
operator.     The  second  important  result  is  the  degree  of  scene-to-scene  variation  in  the  pre- 
dicted  6  values  indicating  how  much  more  difficult  it  is  to  locate  point  targets  in  some  scenes 
(having  high   <5   values)  as  compared  with  others  (having  low  6  values).     The  implication  is  that 
a  great  deal  of  care  must  be  taken  in  attempting  to  compare  the  results  of  experimental  target 
acquisition  trials  conducted  under  dissimilar  weather  and  terrain  conditions. 

F.      FUTURE    PLANS 

A  field  effort  is  being  planned  for  late  winter  for  the  purpose  of  obtaining  T-62  signature 
data  to  complement  that  obtained  in  the  last  two  experiments  held  at  Fort  Hood.     The  final  goal 
is  the  development  of  a  large  enough  data  base  to  permit  signature  predictions  for  a  wide  range 
of  realistic  battlefield  scenarios.     A  number  of  publications  and  symposium  presentations  are 
planned  for  the  next  six  months  on  the  subjects  of  infrared  signatures,  countermeasures,   and 
acquisition  algorithm  analysis. 
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BATTLEFIELD   SMOKE  AND   DUST 


TACTICAL  DOCTRINE 

-  US /SOVIET  DOCTRINE  ' 

-  EFFECTS  OF  ENV I RONMENT 

PHYSICS  OF  MILITARY  AEROSOLS 

-  TYPES  OF  AEROSOLS 

•    -    PARTICLE  COMPOSITION,  SIZE,  OPTICAL 
EXTINCTION  COEFFICIENT 

-  "TYPICAL"  ATTENUATION  FOR  SEVERAL 
SMOKE  SCENARIOS 

DUST 

-  SOURCES  OF  BATTLEFIELD  DUST 

-  MEASUREMENTS  OF  PARTICUE  COMPOSITION, 
SIZE,  EXTINCTION  COEFFICIENT 


t 


I 


TYPES   OF   SCREENING   SMOKE 


*  SMOKE  BLANKET   -    DENSE  SMOKE  CONCENTRATION  OVER 
FRIENDLY  AREA  TO  PREVENT  ENEMY  OBSERVATION  AND 
PRECISION  AERIAL  BOMBING.    RESTRICTS  FRIENDLY  ACTIVITY 
AND  MOVEMENT  WITHIN  THE  SCREEN. 


•  SMOKE  HAZE 


LIGHT  SMOKE  CONCENTRATION  OVER 


FRIENDLY  AREA  TO  REDUCE  ENEMY  VISUAL  OBSERVATION, 
VISIBILITY'  IS  135-180  M  PERMITTING  NEAR  NORMAL 
FRIENDLY  MOVEMENT. 


SMOKE  CURTAIN     -    VERTICAL  SCREEN  ESTABLISHED 
BETWEEN  FRIENDLY  AND  ENEMY  FORCES. 


*  OBSCURING  SMOKE   -    DENSE  SMOKE  PLACED  ON  ENEMY 

POSITIONS  TO  RESTRICT  ENEMY  OBSERVATION  AND  OPERATIONS, 


SOVIET  DOCTRINE 

•  EFFECTIVE  EMPLOYMENT  OF  SMOKE  SCREENS 
DURING  LATTER  PART  OF  WWII 

•  "BERLiN  OPERATION" 

1st  Belorussian  Front        70  km  screen 
1st  Ukranian  Front  400  km  screen 

2nd  Belorussian  Front     100  km  screen 

o  PRESENT  DOCTRINE 

-  EACH  UNIT  CARRIES  SUFFICIENT  SMOKE 
MUNITIONS  TO  SCREEN  THE  ENTIRE  UNIT  . 
FOR  10-30  MINUTES 

e  1RCOUNTERMEASURE  AEROSOLS 

-  PHOSPHORUS 

-  POLYSTYRENE  FOAM  PARTICLES 

-  PYROPHORIC  ORGANOMETALL1C  COMPOUND 
(TRIETHYLALUMINUM) 


SOVIET  DOCTRINE  FOR   PRODUCING  A  SMOKE  SCREEN 
ON  A  FRONT  OF   I  km  FOR   15  MINUTES 


CALIBER 


WiNDl  TOFEBA 

NUMBER       NUMBER 

OF  OF 

TUBES         ROUNDS 


WIND  II  TO  FEBA 

NUMBER       NUMBER 

OF  OF 

TUBES         ROUNDS 


32  mm  MORTAR 


120  mm  MORTAR 


122  mm  HOWITZER 


12 


8 


8 


1000 


300 


300 


8  500 

4  150 

4  150 


V} 


EFFECTS   OF  ENVIRONMENT  ON  THE 
USE  OF  SMOKE 


WEATHER  EFFECTS 


•  WINDSPEED  AND  DIRECTION 


°  TEMPERATURE  AND  LAPSE  RATE 


RELATIVE  HUMIDITY  AND  PRECIPITATION 


TERRAIN  EFFECTS 


LAND -WATER  INTERFACE 


TERRAIN  -  RELIEF 


* 


SMOKE  EFFECTS   ON  MILITARY   SURVEILLANCE 

SYSTEMS  AND  WEAPON  SYSTEMS  I 

SMOKE   CLOUD  OPTICAL  PROPERTIES 

©  ABSORPTION  -  REDUCES  THE  AMOUNT  OF  OPTICAL 
ENERGY  AVAILABLE  FOR  DETECTION 

•  SCATTERING  -  REDISTRIBUTES  OPTICAL  ENERGY 
SPATIALLY  AND  TEMPORALLY 

©  CLOUD  RADIANCE  -  EMITS  INFRARED  RADIATION 
AND  REFLECTS  INCIDENT  SUNLIGHT  THEREBY  REDUCING 
IMAGE  CONTRAST 
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EFFECTS   OF  MILITARY  AEROSOLS  ON 
PULSED  LASER   PROPAGATION 


TRANSMITTED   PULSE 
a  ABSORPTION 

a  MIE  SCATTERING /RAYLEIGH  SCATTERING 

-  BEAM  SPREAD 

-  PULSE  DISPERSION 

-  DEPOLARIZATION 

o  TURBULENCE 

-  BEAM  STEERING 

-  AMPLITUDE  FLUCTUATIONS 

-  BEAM  SPREAD 


RECEIVER 

©  LOW  FREQUENCY  MODULATED  BACKGROUND  RADIANCE 
<*   INCREASED  PHOTON  SHOT  NOISE 


BATTLEFIELD  DUST 

SOURCES 

VEHICULAR  TRAFFIC 
PROJECTILE  EXPLOSIONS 

OUST  iVIEASUREAAENTS 

MEDIAN   PARTICLE  SIZE  (TRAFFIC)  2.9\m 

CL  VALUES 

0  <CL  <  !4gr/m2    (TRAFFIC) 

0<CL  <  140  gr/m2  (EXPLOSION) 
VOLUME  EXTINCTION  COEFFICIENT 

0.05  nfi2/gr  <  a  <  0. 15  m2/gr 
TEMPORAL  CHARACTERISTICS 

~3  minutes  (TRAFFIC) 

~i  minute  (EXPLOSION) 
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MEASURED  DUST /DEBRIS  VOLUME 
EXTINCTION  COEFFICIENTS 


FT.  SILL  MEASUREMENTS 


SOURCE 

WAVELENGTH  ftim) 

VOLUME  EXTINCTION 
COEFFICIENT  (rn2/q) 

VEHICLE 

0.4-0.7 

0.24 

1.06 

0.19 

3.44 

0.16 

9.75 

0.13 

105  / 155  mm 

0.4-0.7 

0.06 

HE  PROJECT  Hi 

1.06 

0.05 

3.44 

0.04 

9.75 

0.03 

DUGWAY  PROVING  GROUND  MEASUREMENTS 


TNT 

0.4-0.7 

0.32 

(SIMULATED 

1.06 

0.35 

EXPLOSIONS) 

3.44 

0.27 

9.75 

0.21 

CONCLUSIONS 


e     C02 TRANSMISSION  IS  SUPERIOR  TO  GaAs 
TRANSMISSION  IN  SMOKE 


e     EFFECTS  OF  SCATTERING,  TURBULfNCE  AND 
SMOKE  DYNAMICS  REQUIRE  INVESTIGATION 

«     MODELING  OF  SMOKE  AND  BATTLEFIELD  DUST 
iS  REQUIRED 

o      IFF  SPECIFIC  TRANSMISSION  MEASUREMENTS 
ARE  REQUIRED 


R.    J.    Keyes 


CAPE  COD   IFF  MEASUREMENT  OBJECTIVES 


ASSESS  THE  DEGRADATION  EFFECTS  OF  COUNTERMEASURE 
SMOKES  AND  NATURAL  FOGS  ON  NEAR  IR  PULSED  COMMUNICATION 
SIGNALS 


SIMULTANEOUSLY  EVALUATE  THE  DEGRADATION  OF  THERMAL 
IMAGES  (8-l2|im)  IN  TERMS  OF  SPATIAL  RESOLUTION  AND 
ANET 


ESTABLISH  THE  CRITICAL  ISSUES  OF  FUTURE  COMPARATIVE 
TESTS 
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CAPE  COD   OPTICAL  COMMUNICATION  EXPERIMENTS 


Conclusions 

•  Very  dense  countermeasure  smoke  has  little  effect  on  longwave 
{\0\im)  imaging 

•  Very  dense  countermeasure  smoke   can  produce  signal  attenuations 
in  excess  of  30  dB  for  near  IR  optical  interrogator  signals 

•  The  attenuation  of  omnidirectional  optical  responder  signals 
f  depends  strongly  on  the  receiver  FOV  for  attenuation  greater 

than  10  dB 
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[U]    Fig.  IV-1.     Atmospheric  attenuation  statistics  for  Hannover,   Germany. 
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(U]    Fig.  IV-2.     PCFLOS  statistics  for  Hannover,   Germany  as  a  function  of  slant  range. 
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TV.     IR    PROJECTILE   TRACKING 


A.      SUMMARY 


Projectile-tracking  systems  employing  IR-detection  techniques  are  being  explored.     The 
IR  energy  emitted  by  a  projectile  in  flight  is  detected  by  a  linear,   horizontal  array  of  detectors 
which  provide  a  precise  measurement  of  the  angular  position  of  the  projectile  as  a  function  of 
time.     This  information  is  used  to  direct  an  IR  laser  radar  which  performs  range  and  range-rate 
measurements  on  the  projectile.     These  measurements  allow  accurate  determination  of  the  launch 
position  of  the  projectile. 

A  brassboard  version  of  an  IR  mortar-location  system  was  constructed  and  successfully 
tested.      Responsibility  for  further  development  of  this  system  has  been  transferred  to  the  U.S. 
Army  Night  Vision  and  Electro-Optic  Laboratory.     Lincoln  Laboratory  will  continue  to  provide 
technical   assistance   to   NV&EOL   in   the  form   of  system   analysis   of  IR   projectile-tracking 
techniques. 

B.      PCFLOS   MODEL  UTILIZATION 

Lincoln  Laboratory  has  recently  incorporated  the  Stanford  Research  Institute  Probability 
of  Cloud-Free  Line  of  Sight  (PCFLOS)  model  in  the  operational  utility  code  used  to  predict  the 
performance  of  an  IR  mortar  locator.     Such  a  system  requires  a  cloud-free  line  of  sight  at  ele- 
vation angles  of  from  0°  to  6°  (depending  upon  the  terrain  mask  angle).     The  Stanford  Research 
Institute  PCFLOS  model  has  been  combined  with  data  from  the  USAF  (ETAC)  3DNEPH  Program 
which  provides  either  satellite  or  ground  observations  of  cloud  height  and  amount  throughout  the 
world.     These  cloud  observations  are  combined  with  simultaneous  surface  observations  of  visi- 
bility,   air  temperature,    and  relative  humidity  to  predict  joint  probabilities  of  PCFLOS  and  at- 
mospheric attenuation  for  a  specified  geographic  location.     Examples  of  these  calculations  are 
shown  in  Figs.IV-1  and  rV-2.     Figure  IV-1  describes  the  8-  to  11.5-(xm  atmospheric  statistics 
calculated  by  LOWTRAN  IV  for  Hannover,   Germany  in  the  winter.     Figure  IV-2  is  the  frequency 
of  occurrence  of  a  specified   PCFLOS  as   a  function  of  slant  range  at  a   5°   elevation  angle  for 
Hannover,   Germany  in  the  winter.     These  joint  statistics  permit  a  realistic  assessment  of  IR 
projectile-tracker  performance  as  limited  by  atmospheric  factors. 


*  Semiannual  Technical  Summary,    "ARPA/TTO  Program  HOWLS"  (U),  Lincoln  Laboratory, 
M.I.T.     (31  July  1975),   p.  45,    DDC  AD-C004725,    SECRET,    RESTRICTED  DATA. 

T  Ibid.   (31  January  1978),   DDC  AD-C014038,   CONFIDENTIAL. 
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The  simplest  approach  to  solving  this  problem  involves  a  weighted  average  of  all  possible  tar- 
gets to  derive  the  matched  filter.     For  the  example  given  above,   the  average  signature  is  iden- 
tical to  the  mask  given  in  Eq.(III-l),   and  the  matched  filter  is  given  by  Eq.(III-3). 

A  more  sophisticated  approach  is  also  being  pursued  in  which  the  matched  filter  is  de- 
rived through  the  use  of  the  following  eigenvector  equation: 

K."1Klh  =  X        h  (III-5) 

b       t  max  v  ' 

where   h  is  the  one-dimensional  vector  equivalent  of  the  matched-filter  matrix,   K,    is  the  back- 
ground covariance  matrix,   and  K.  is  the  target  covariance  matrix.     While  it  is  expected  that  this 
technique  will  provide  better  overall  results  than  that  provided  by  the  average  target  matched 
filter,   the  drawback  is  that  the  background  covariance  matrix  must  be  calculated  prior  to  the 
implementation  of  the  spatial-filter  function  for  each  new  type  of  terrain. 

E.     FUTURE   PLANS 

During  the  next  six  months,   the  primary  effort  of  this  program  will  be  directed  toward 
understanding  the  major  signature-generating  mechanisms  of  tracked  vehicles,   so  that  reliable 
models  can  be  constructed  which  could  be  used  to  predict  the  performance  of  target-acquisition 
and  tracking  systems.    Work  continues  on  the  development  of  resolved  target-acquisition  algo- 
rithms,  and  these  new  filters  will  be  evaluated  with  the  use  of  a  standard  signature  library  which 
is  currently  being  assembled. 


REFERENCES 
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general   classes   of   resolved   targets   are  being  studied.     The  first  is  the  deterministic  target 
which  is  defined  as  a  structure  having  a  known  size  and  shape,   but  an  arbitrary  amplitude.     The 
following  is  an  example  of  a  simple,   deterministic,    resolved  target  matrix 


m    =  c 


1 

1 

1 

1 

2 

1 

1 

1 

1 

(III-l) 


where   c   is  an  arbitrary  constant.     The  matched  filter  for  a  matrix  of  this  type  can  be  derived 
through  the  general  matched-filter  formula 


h  ~  m. 


L2^tL2 
x       .2  y 


a2  /       x 


y  8V 

x    y 


(IH-2) 


where  L     and  L     are  the  characteristic  correlation  lengths.     If  L     and  L     are  large,    the  last 
x  y  6  x  y  b 

term  in  this  sequence  dominates  and  the  matched  filter  for  the  target  presented  in  Eq. (III-l)  is 
given  by 


h  ~ 
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-1 
2 

-2 
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1 
-1 

0 
-1 
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(III-3) 


Unfortunately,   very  few  target-acquisition  scenarios  are  amenable  to  a  deterministic 
analysis.    Uncertainties  in  acquisition  range  and  angle  result  in  a  wide  range  of  possible  target 
signatures.     This  class  of  targets  is  referred  to  as  stochastic,   and  the  assumption  here  is  that 
one  knows  all  the  possible  signature  configurations  as  well  as  their  probability  of  occurrence. 
An  example  of  this  class  of  target  is  given  by  the  following  matrices  representing  the  four  pos- 
sible rotational  configurations  of  an  asymmetric  structure: 


1 

1 

0 

0 

1 

1 

ml  = 

1 

1 

0 

m2  = 

0 

1 

1 

0 

0 

1 

- 
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0 

1 

m3  = 

0 

1 

1 

m4  = 
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1 
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0 

1 

1 

1 

1 

0 

(III-4) 
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(C)  The  tank  was  instrumented  with  twelve  thermocouples  which  were  connected  to  a  data 

logger.     This  arrangement  gave  a  continuous  (l/min.)  temperature  record  of  the  various  tank 
surfaces.     Data  were  taken  whenever  the  tank  was  operated  and,   frequently,   for  several  hours 
after  shutdown.    Figure  III— 1  is  an  example  of  thermocouple  data  from  three  surfaces,   for  a 
case  in  which  the  tank  was  run  out  to  the  test  site,   turned  off,   run  again  for  the  IR  measure- 
ments, and  finally  left  to  cool.    It  shows  the  exhaust  manifold  temperature  exceeding  200oC 
while  the  tank  was  being  run  hard,  and  cooling  rather  slowly  after  shutdown. 


AIR    EXHAUST 


OPERATING    CONDITION 


J L 


I       i I I I 1 1 1 


10  00 


11:00 


12  00 


(U]    Fig.III-1.     Surface  temperature  of  several  areas  of  an  operating  T-62. 

[C]  The  effects  of  countermeasures  were  examined  by  running  the  T-62  through  battlefield 

smoke  generated  by  white  phosphorous  grenades  and  hydrocarbon  smoke  pots.     These  counter- 
measure  experiments  also  included  the  use  of  decoy  flares. 

[U]  A  thorough  analysis  of  these  data  is  now  in  progress.    We  are  planning  to  publish  a  data 

summary  this  year  which  will  include  the  tank  signature  results  from  this  experiment  and  from 
the  two  previous  experiments  conducted  at  Ft.  Hood.  With  this  information,  it  may  be  possible 
to  predict  tank  target  signatures  as  well  as  operational  utility  functions  for  various  types  of  ac- 
quisition sensors,  given  the  tank's  recent  operating  history,  the  time  of  day,  and  local  weather 
conditions. 

D.     MATCHED   FILTERS   FOR  RESOLVED  TARGETS 

[UJ  A  resolved  target  is  one  which  occupies  more  than  a  single  resolution  element  so  that 

size  and  shape  discriminants  can  be  employed  in  addition  to  amplitude  information.     Two 
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2.   FIELD  MEASUREMENTS 
The  battlefield  environments  of  Interest  can  be  broken  down  Into  two  broad 
categories:   natural  and  man-generated.   The  natural  environments  are  dictated  by  the 
vagaries  of  local  meteorological  conditions  and  hence  require  extended  periods  of  time 
to  encompass  the  wide  variety  of  conditions  that  might  be  present  on  a  battlefield. 
The  man-generated  environments  (smokes,  dust,  explosions)  were  under  our  direct 
control  and  hence  measurements  of  these  conditions  were  conducted  over  short  time 
periods  of  Intensive  testing  (2  days).   Table  II  presents  a  summary  of  the  propaga- 
tion tests  carried  out  at  the  Camp  Edwards  site.   R.  Saalela  will  discuss  the  computer 
analysis  of  this  data  and  its  significance  to  BIFF  systems  In  these  spectral  regions 
in  the  following  paper. 

TABLE  II.   CAMP  EDWARDS  BIFF  PROPAGATION  EXPERIMENTS 


1 .   HC  Smoke 


Two  twenty-minute  tests  using 
military  smoke  pots  with  total 
visible  obscuration 


2.   White  Phosphorus 


Two  tests  using  smoke  grenades 
deployed  from  tank  launcher 


3.   Vehicular  Dust 


Eight  tests  with  high  visible 

attenuation  generated  by  dragging 

a  hurricane  fence  over  propagation 
path 


i*.      105mm  Shell  Explosions 


Two  tests  with  5  shells  exploded  at 
2  second  Intervals  producing  high 
attenuation  at  all  wavelengths 


5.   Natural  Atmospheric  Turbulence 


Optical  data  recorded  at  various 
turbulence  levels  with  600  and 
1200m  path  lengths 


6.   Turbulence  in  Rain  and  Fog 


One  test  with  8  dB/km  visible 
attenuation 


7.   Spatial  Diversity  Tests 


Data  recorded  at  various  separations 
of  GaAs  receivers 
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and  digital  recording  systems.   For  digital  recording,  peak  hold  circuits  triggered  by 
the  TV  reference  pulse  were  used  prior  to  12  bit  digitization.   The  analog  signals 
were  recorded  on  a  Ik   channel  system  (not  shown)  along  with  voice  comments  and  IRIG 
time.   The  analog  data  was  used  primarily  as  a  backup  to  the  digital  systems  and  as  a 
"quick-look"  capability  for  editing  purposes.   Real  time  monitoring  of  signals  from 
the  prime  seP3  >rs  was  obtained  via  oscilloscope  displays. 

In  addition  to  the  prime  sensor  measurements,  meteorological  data  (temperature, 
humidity,  rain  fate,  wind  speed  and  direction)  from  a  portable  weather  station  were 
digitized  and  recorded.   A  video  tape  system  which  was  also  boreslghted  to  the  prime 
sensors  provided  a  visual  Image  of  the  test  path.   During  all  battlefield  environment 
tests  an  AGA  recording  camera  provided  LWIR  Images  of  the  area  and  of  calibrated  ther- 
mal sources  In  the  field  of  view.   Communications  between,  the  various  Instrument  sta- 
tions were  conducted  over  radio  except  during  recording  runs.   It  was  observed  that 
radio  transmissions  Interfered  with  data  recording.     During  measurement  periods, 
hardwire  mllltaiy  field  telephones  were  used  for  communication.   Table  I  gives  some  of 
the  pertinent  parameters  of  the  prime  radiation  transmitters  and  receivers. 


A- 5 


TABLE  I.   TRANSMITTER/RECFIVER  PARAMETERS 


TRANSMITTERS 


Average  Peak  Beam 

Power  Power  PRF  Angle 

Wavelength   (watts)  (watts)  (Hz)  (mrad) 

0.6328ym   0.5x10-3  iq-3  1,500  1  to  6 


0.90Hum      0.012     30      1,500     7 


10  .6ym 


3mm 


1.0 


2.0     1,500     11 


0.01      cw      cw      13 


RECEIVERS 


FOV    Aperture   Sensitivity    Bandwidth 
(rad)     (cm)       (SNR=1)        (Hz) 


7t10"3    3.5      10"13w/Hz1/2     2,500 


1.0      5.0      10"12w/Hz1/2     2,500 


.01      2.5      10~12w/Hz1/2     2,500 


O.lfi     1.7       6xl0"l8w/Hz 


10 
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UNCLASSIFIED 

radiation  sources  Indicated  In  Figure  1  are  co-boreslghted  on  a  single  optical  plat- 
form that  can  be  accurately  pointed  In  the  desired  direction  with  the  aid  of  a  gun- 
sight  telescope.   The  3mm  source  (12  Inch  dish)  and  pointing  scope  were  located 
beside  the  optical  mount  and  boreslghted  in  the  same  direction.   A  T/  antenna  atop 
each  van  provided  a  common  time  reference  pulse  from  a  local  commercial  broadcasting 
station  which  was  used  to  synchronize  the  optical  radiation  pulses  and  the  receiver 
electronics  at  1500Hz.   The  millimeter  wave  system  was  operated  cw. 


-^TV  SYNCHRONOUS 
TRIGGER 

"1 
I 
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DATA 

ACQUISITION 

SYSTEM 


HeNe 


TRANSMITTERS 


RECEIVERS 


WEATHER  DATA 
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RECORDER 
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NOVA 
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COMPUTER 
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DIGITAL 
RECORDER 


\     VIDEO 
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RECORDER 

) 

\       AGA 

VIDEO 
RECORDER 

IRIG 
TIME 



; 

FIGURE    1.       A    BLOCK    DIAGRAM    OF    THE    MEASUREMENT    SYSTEM    FOR    THE    EXPERIMENTAL 
FIELD    SITE. 

The    radiation    receivers,    also   co-located   and    boreslghted,    were   housed    In    the 
second    van   along   with    the    recording  and   monitoring   systems.      Except   for    the   GaAs 
radiation    there    Is    one    receiver   for   each   wavelength.      Two    receivers,    whose   spatial 
separation    was    controllable,  were    provided    at    O.QO'Jum    in   order   to   study    the    effects    of 
spatial    diversity    on    fading    phenomena    due    to    atmospheric    turbulence.      The    sensor 
signals    are    amplified    to    a    level    of    10    volts    peak-to-peak    before    entering    the    analog 
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DESCRIPTION  OF  A  SYSTEM  FOR  THE  MEASUREMENT  OF  jfajr- ;    J  IlL?) 
OPTICAL  AND  MILLIMETER  WAVE  TRANSMISSION  '   ' 

THROUGH  BATTLEFIELD  ENVIRONMENTS*        &6~o     /A/?) 

Robert  J.  Keyes  '  n 

Massachusetts  Institute  of  Technology  £V*-v  ^u^T"'4^^v- 
Lincoln  Laboratory  "     6* 

P.O.  Box  73;  Lexington,  Massachusetts  02173 

ABSTRACT 
Simultaneous  measurements  of  the  propagation  of  radiations  at  .6328um,  0.90411m, 
10.6um  and  3mm  have  been  carried  out  over  the  past  year  at  Camp  Edwards,  MA  through 
natural  atmospheres  and  simulated  battlefield  environments  (smoke,  dust  and 
e/.ploslons )  .   These  measurements  of  radiation  attenuation  over  near  Identical  paths 
for  all  wavelengths  were  designed  to  provide  the  data  base  necessary  for  the  optimal 
design  of  a  battlefield  communication  system.   This  report  describes  the  transportable 
systems  used  In  these  tests, Including  the  pertinent  parameters  associated  with  the 
transmitters,  receiving  sensors,  digital  and  analog  recording  systems,  and  auxiliary 
sensors  which  produce  passive  Infrared  Imagery  with  an  AGA  camera  and  measure  Cn^  at 
the  HeNe  wavelength.   The  geometric  layouts  of  the  various  tests  are  also  discussed 
along  with  a  description  of  the  environ.  •  :    conditions.   Analysis  of  these  data  Is 
presented  In  the  following  paper  by  R.  Sasela. 

1.   INTRODUCTION 
During  the  past  spring  and  summer,  a  variety  of  simultaneous  atmospheric 
transmission  measurements  at  wavelengths  of  .6328pm,  0.904um,  10.6pm  and  3mm  were  con- 
ducted at  Camp  Edwards,  MA  using  a  mobile  measurement  system  developed  under  Army  sup- 
port.  These  data,  recorded  on  digital  tape,  were  subsequently  computer  analyzed  In 
order  to  assess  the  impact  of  natural  and  battlefield  environments  on  potential 
question  and  answer  communication  systems.   This  report  describes  the  parameters  of 
the  measurements  system  and  the  pertinent  aspects  of  the  field  tests  that  were  con- 
ducted . 

The  system  is  Installed  In  two  large  vans  (transmitter  and  receiver)  that  carry 
their  own  sourcesof  power  and  communications.   For  tests,  the  vans  can  be  positioned  at 
the  terminal  points  of  selected  oaths  and  the  transmission  of  that  path  can  be 
measured  at  the  various  wavelengths  under  a  variety  of  natural  and  battlefield  con- 
ditions.  Figure  1  shows  a  block  diagram  of  the  total  measurement  system.   The  optical 


"This  v-ork  was  sponsored  by  the  Departments  of  the  Army  and  the  Air  Force. 

"The  U.S.  Government  assumes  no  responsibility  for  the  information  presented."        ^ 
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RESULTS  OP  SIMULTANEOUS  TRANSMISSION  MEASUREMENTS 

AT  MMW  AND  VARIOUS  OPTICAL  FREQUENCIES 

IN  A  BATTLEFIELD  ENVIRONMENT* 


R.  J.  Sasiela 

Massachusetts  Institute  of  Technology 

Lincoln  Laboratory 

Lexington,  Massachusetts  02173 

ABSTRACT 
Simultaneous  transmission  measurements  have  been  made  at  0.9C-1J,  0.6328,  and  10.6 
microns,  and  3mm  wavelengths.   Various  Impediments  to  transmission  Including  tur- 
bulence,  explosives,  HC  smoke,  phosphorus  grenades,  dust  and  fog  were  Introduced  Into 
the  transmission  path.   Results  of  the  data  analysis  will  be  presented  which  Include 
relative  attenuation,  temporal  and  spatial  effects,  and  a  comparison  of  the  turbulence 
data  with  theory. 

1 .   INTRODUCTION 

This  report  describes  the  analysis  of  data  taken  In  various  natural  and  battle- 
field environments  to  determine  the  effect  of  obscurants  on  a  communication  system. 
Measurements  were  taken  at  0.6328,  0.90*1,  and  10.6  micrometers  and  at  92.7GHz  with  the 
system  described  by  R.  Keyes  In  the  previous  paper.   These  frequencies  were  chosen 
because  for  covert  communications  they  have  the  advantage  of  having  a  narrow  beamwldth 
with  modest  aperture  size  and  they  respond  differently  to  battlefield  obscurants. 

The  bit  error  rate  Is  a  measure  of  the  effectiveness  of  a  digital  communication 
system.   On  a  dirty  battlefield  the  error  rate  Is  affected  not  only  by  the  attenuation 
produced  by  the  obscurants  but  also  by  sclntlllation-lnduced  fading.   It  has  been 
shown^l'  that  under  turbulence  conditions  likely  to  be  encountered,  optical  systems 
can  require  a  10-30dB  Increase  In  required  signal  level  In  order  to  achieve 

rates  comparable  to  those  achieved  in  the  absence  of  turbulence.   A  question  addressed 

in  this  report  is  whether  the  effects  of  obscuration  and  scintillation  are  independent 

or  whether  scintillation  level  is  a  function  of  the  obscuration. 

Additionally ,  the  time  history  of  the  obscuration  Is  examined  to  see  what  is  the 

best  strategy  In  repeating  a  message  to  Increase  the  probability  of  reception. 


•This  work  was  sponsored  by  the  Departments  of  the  Army  and  the  Air  Force. 
"The  U.S.  Government  assumes  no  responsibility  for  the  information  presented". 
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2.   EXPERIMENTAL  SYSTEM 

s 

The    portable    system  used    to   make    the  measurements    Is    described    in   detail    in    the 
previous    paper    by   F>.    Keyes .      Briefly  , the   system   consists    of    two    trucks,    one   con- 
taining    the    transmitters    the   other   the    receivers    and    recording   equipment.      The 
transmitters    used    were   a    CO2   laser   operating  at    10.6   micrometers,    a  HeNe    laser 
operating   at   0.6328   micrometers,    a  GaAs    laser  operating   at  0.90^   micrometers,    and   a 
MMW    system   operating   at    92.7GHz.      The    receiver    truck    contained    receivers    for   all    thi 
above    frequencies    and   a  computer   controlled    recording   system.      Each   signal   was    dlgl 
tlzed    by   a   12   bit   A/D  converter   and    recorded    at    a   1500Kz    rate. 

The   beamwldth   of    the    transmitted    signal    was    much    larger    than    the    receiver   aper- 
tures.     The    signal    to   noise    ratio    in   the    receivers    with   no    obscurants    present    was 
greater    than    the    36dB   Instantaneous    dynamic    range    of    the    recording    system.      An   anaL 
display    system   was    used    to   set    gain    levels    and    help    to    verify    proper   systems    operat 
before    digital    recording   started. 

The    time   history   of    the    signal    transmission    was    recorded    for    each   experiment    an 
subsequently    analyzed.      From    this    data. we    determined    the    scintillation    level    with    a 
without    obscurants    and    the    relative   attenuation   measured    by   all    sensors.      In   addl* 
the    time   history   of    the    transmissivity   was    examined    to   determine    the    best    strategy 
repeating   messages. 

3.       TURBULENCE    DATA 

Data   was    taken   with   no   obscurants    present   and    compared    to    theory,    both    to    verif 
the   data    taking   and    reduction   process    and    to    gather   scintillation   data   which   could 
compared    to    the    scintillation   data   with   obscurants    present.      The    amplitude   of    the 
return    Is    expected    to   have    a   log-normal    distribution.      Over   a    path    of    uniform    tur- 
bulence   when    the    turbulence    Integrated   along    the    path    is    not    too    strong,    the    varlar 
of    the    log    intensity    for   a   spherical    wave    Is    equal    to2: 

\\    -      0.5    C„=   *7/6      L11/6 

where    Cn2  13  the  refractive  Index  structure  constant, 

k  is  the  wavenumber,  2w/x, 
and      L  is  the  path  length 
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The  above  formula  applies  to  a  point  detector  or  one  much  smaller  than  the  Presnel 
length  (/2TL), which  Is  the  average  size  of  the  turbulence  cells  at  the  receiver.   For 
larger  apertures  as  In  this  experiment,  the  measured  scintillation  is  reduced  by  an 
aperture  averaging  effect.   For  low  angular  beam  divergence  and  turbulence  levels  not 

close  to  saturation  (conditions  which  applied  in  these  experiments), a  good  approxlma- 

o 

tion  to  the  true  log  -  intensity  variance,  oj  ,  measured  by  an  apt"1"  re  of  diameter  d, 

can  be  found  from  the  measured  value,  o2,  by  solving  the  equation* 

exp  (o2)-l  =  s  (exp  (o2)-l) 

where  c  =  (xL/d2)  /  [  1  +  (xL/d2)  ] 

Scintillation  measurements  were  taken  on  various  days.   A  typical  time  plot  of  a 

sensor  return  is  shown  in  Figure  1.   The  histograms  of  the  return  intensity  for  the 

HeNe,  GaAs ,  and  CO2  sensors  for  the  same  time  are  compared  to  a  log-normal  Intensity 

curve  with  the  same  standard  deviation  as  the  data  in  Figures  2,  3,  and  U.        The 

agreement  is  very  good.   Another  way  of  plotting  the  data, which  accentuates  the 

returns  which  lie  in  the  tail  of  the  curve,  is  shown  in  Figure  5.   This  contains  a  plot 

.oio 
of  tiie  GaAs  data  on  log  probability  paper  out  to  +3  standard  deviations. 

Along  with  the  digital  measurements , a  bar  chart  at  the  transmitters  was  viewed 

through  an  optical  telescope  at  the  receivers  to  measure  the  "seeing"  conditions. 

This  measurement  can  be  used  to  get  an  estimate  of  Cn, since  at  visible  wavelengths 

the  resolution,  Resv,  is  approximately  equal  to 

Resv  =  xv/roV 
where     r0  ^s  Fried' s  coherence  diameter. which  is  related  to  C   by 


"5/3 
r0   =  0.159k2  l  Cn2. 

Using   0.6    micrometers    as    the    wavelength,    one    obtains 

5/3 
Cn2    =    1.87    x    10~12      Resv        /L 

where    the    resolution    Is    measured    in    arc-secondj. 

The    value    of    Cn2   measured    by   all    sensors    should    be    the    same    at    any    time.      A    com- 
parison  of    results    Tor   various    days   and    times    of   day    Is    given    In    Figure    6.      The 
agreement    Is    very    good    for   all    sensors.      There    was    no    effort    to   make    seeing 
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measurements  at  the  time  the  scintillation  data  was  taken.   On  day  three  the  3ky  was 

partly  cloudly  and  the  value  of  C^  changed  rapidly  as  the  sun  came  out.   This  could 

account  for  the  anomalous  seeing  measurement  which  was  taken  8  minutes  before  the 
scintillation  data  was  recorded. 

t.   WHITE  PHOSPHORUS  SMOKE 

White  phosphorus  smoke  clouds  were  generated  by  firing  smoke  grenades  from  a  tank 
launcher.   This  experiment  and  the  following  ones  had  a  600  meter  propagation  path. 
The  transmitted  signal  versus  time  for  the  HeNe ,  GaAs  and  CO2  laser  systems  are  shown 
In  Figures  7,  8,  9-   There  was  no  effect  on  the  MMW  signal.   The  lowest  signal  which 
could  be  measured  was  0  counts.   To  Indicate  how  many  points  had  zero  counts, all  these 
points  are  plotted  as  a  random  number  between  0  and  minus  1.    The  region  of  high 
attenuation  lasted  several  minutes.   There  were  no  holes  In  the  smoke;  however,  there 
were  large  variations  in  the  attenuation  occurring  on  a  time  scale  of  about  10 
seconds . 

An  examination  of  the  scintillation  amplitude  does  not  show  any  significant  change 
as  the  attenuation  changed.  Therefore  for  white  phosphorus  smoke, the  effects  of  atte- 
nuation and  scintillation  are  additive  in  producing  an  increase  in  bit  error  rate.     » 

The  relative  attenuation  of  the  different  sensors  can  be  found  by  plotting  the 
signal  level  of  one  sensor  versus  another  for  each  pulse.   This  Is  shown  for  GaAs  vs 
HeNe  in  Figure  10  and  GaAs  vs      CO2  In  Figure  11.   The  relative  attenuation  is  found 
from  the  slope  of  the  line  drawn  through  the  points.   Doing  this,  one  finds  that  HeNe 
has  2.1  times  the  extinction  coefficient  of  GaAs  while  the  CO2  laser  has  0.15  times 
that  of  GaAs.   As  previously  mentioned , the  MMW  system  had  no  attenuation.   Therefore 
the  HeNe  laser  signal  Is  vory  sensitive  to  white  phosphorus  smoke,  the  GaAs  laser 
system  is  moderately  affected,  while  the  CO2  laser  system  is  only  slightly  affected. 

5.   DUST 
Dust  was  generated  by  driving  a  truck  which  was  dragging  a  wire  fence  along  a  dirt 
road  that  crossed  the  transmission  path  of  the  sensors.   Figures  12,  13  and  It  show 
the  time  history  of  the  HeNe,  GaAs  and  CO2  laser  ret-.rns  for  one  run  with  the  plots 
starting  Just  after  the  truck  passed  through  the  field  of  view.   The  MMW  signal  Is  not 
shown  because  once  again  it  was  unaffected  by  the  obscurant.   The  time  duration  of  the 
dust  effect  (whlch  is  *J0  seconds  in  this  case,  Is  highly  dependent  on  weather  con- 
ditions, c 
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Notice  that  the  scintillation  Initially  decreases  as  the  attenuation  Increases. 
The  scintillation  was  examined  more  closely  at  various  levels  of  attenuation  and  the 
results  are  summarized  In  Table  I.   For  7dB  of  GaAs  attenuation  there  Is  a  reduction 
of  the  scintillation  In  the  3  laser  sensors.   The  scintillation  then  rises  rapidly  as 
the  attenuation  Increases.   For  the  HeNe  laser  the  reduction  In  scintillation  when  the 
GaAs  attenuation  is  7dB  almost  compensates  for  the  reduced  signal  level, 

Table  I.   Variance  of  Log  Intensity  for  Various  Levels 
of  Dust  Produced  Attenuation 


GaAs  Attenuation 

(db) 

HeNe 

GaAs 

C02 

0 

.115 

.063 

.017 

7 

.087 

.011 

.013 

10 

.16 

.10 

.025 

so  tha ';  low  levels  of  dust  do  not  affect  the  bit  error  rate  significantly.   Since  the 
scintillation  rate  with  no  attenuation  is  lower  for  GaAs  and  the  CO2  system,  the 
reduction  of  scintillation  Is  not  as  significant  at  this  attenuation  level.   For  the 
GaAs  system, the  reduction  in  scintillation  reduces  the  attenuation  effect  by  2dB, while 
It  has  hardly  any  effect  for  the  CO2  sensor.   Since  the  scintillation  still  increases 
with  frequency  of  the  signal,  it  produces  a  more  detrimental  effect  on  the  nigher  fre- 
quencies . 

The  attenuation  varied  over  lOdB  in  periods  of  about  5  seconds.  In  an  actual 
battlefield  situation f the  source  of  the  generators  of  dust  would  be  generally  local 
and  may  be  transitory.   Therefore,  a  strategy  of  repeating  the  message  every  several 
seconds  would  be  the  most  effective  In  getting  the  message  through. 

The  extinction  coefficient  is  found  by  plotting  one  sensor's  data  versus  the  other 
in  Figure  15  and  16.   From  these  the  extinction  coefficients  are  found  to  be  the  same 
for  the  HeNe  and  GaAs  while  CO2  is  0.7  of  the  other  two.   Therefore,  the  effect  of 
dust  is  about  the  same  for  all  these  laser  systems  with  CO2  having  a  slight  advantage. 
Dust  has  no  effect  on  the  MMW  signal. 

6.   HC  SMOKE 
The  hexachloroethane  (HC)  smoke  was  generated  by  military  smoke  pots.   There  was 
total  visible  obscuration  for  several  minutes  at  a  time  under  the  conditions  of  the 
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test.   Attenuation  levels  greater  then  30dB  were  recorded  for  both  the  GaAs  and  HeNe 
lasers.   Figures  17,  18  and  19  are  plots  of  the  HeNe,  GaAs  and  CO2  signals  versus  time 
during  a  period  when  the  smoke  was  dissipating  and   transmission  holes  were  developing 
in  the  smoke.   There  was  no  effect  of  the  smoke  on  the  MMW  signal  during  nhls  entire 
test.   Figures  20  and  21  are  relative  attenuation  plots  of  the  GaAs  signal  versus  HeNe 
and  C02«   From  these,  one  determines  that  HeNe  has  1.2  times  and  CO2  nas  less  than  .02 
times  the  extinction  coefficient  of  GaAs. 

During  some  periods  of  the  test,  the  GaAs  ar.d  HeNe  attenuations  were  greater  than 
30dR  for  over  a  minute.   There  is  no  effective  strategy  to  use  in  this  situation  to 
get  the  signal  through.   As  the  smoke  is  dissipating,  the  attenuation  experiences 
rapid  changes  in  level  over    periods  of  several  seconds.   In  this  situation, 
repeating  the  signal  when  the  target  was  visible,  which  was  about  every  second  in 
these  tests,  would  be  the  most  effective  strategy. 

The  relative  scintillation  level  did  not  change  much  with  attenuation  and  the 
effects  of  scintillation  and  attenuation  would  have  an  additive  effect  on  the  bit 
error  rate. 

7.   ARTILLERY  SHELLS 
To  simulate  an  artillery  shell  landing  in  the  transmission  path,  105mm  shells  were  » 
burled  2  feet  underground  between  the  transmitters  and  receivers.   At  the  time  of 
shell  detonation  the  transmission  fell  to  zero  for  all  sensors , indicating  that  the 
attenuation  is  greater  than  30dB.   This  total  obscuration  lasted  for  approximately  1.5 
seconds  followed  by  a  rapid  recovery  to  a  level  with  about  lOdB  attenuation.   The 
transmission  then  gradually  recovered  to  the  non-obscurant  level  in  5-10  seconds. 
Figure  22  shows  the  time  history  of  the  MMW  signal, which  is  typical  of  the  other  sen- 
sors.  Figures  23  and  2k    show  a  comparison  of  the  GaAs  signal  to  HeNe  and  C02-   The 
attenuation  at  any  time  is  equal  for  all  the  sensors ,  which  Indicates  that  the  par- 
tlclco  thrown  up  by  the  explosions  are  large  compared  to  all  wavelengths  and  the  atte- 
nuation is  equal  to  the  percentage  of  the  sensors  field  of  view  which  is  obscured  by 
the  particles. 

Because  of  the  total  3lgnal  obscuration  Immediately  after  the  shell  explodes,  a 
transmission  would  have  to  be  repeated  several  seconds  after  the  burst  in  order  to  get 
a  message  through.    In  these  experiments  the  dust  produced  by  the  falling  debris  blew 
out  of  the  beam  so  that  no  effect  of  dust  is  present.   In  the  case  of  shells  exploding 
upwind  ,  there  would  be  du3t  effects  if  the  ground  were  not  too  wet. 

56  UNCLASSIFIED 


UNCLASSIFIED 


A-6 


7.   CONCLUSIONS 
A  measurement  system  to  record  simultaneous  measurements  at  3  laser  frequencies 
and  at  92.7Ghz  was  built  and  tested  In  the  field.   This  system  gave  results  In 
agreement  with  theory  when  atmospheric  turbulence  was  measured.   The  relative  atte- 
nuation between  the  three  laser  frequencies  was  measured  with  white  phosphorus  smoke, 
HC  smoke,  dust  and  105mm  shell-produced  debris  In  the  transmission  path.   A  summary  of 
these  measurements  is  given  in  Table  II. 

Table  II.   Relative  Extinction  Coefficients  of  Various 
Sensors  Compared  to  a  GaAs  Laser. 


White  Phosphorus 

HC 

Dust 

Artillery 

Smoke 

Smoke 

0.6328  um 

2.1 

1.2 

1 

1 

0.901   um 

1 

1 

1 

1 

10.6    um 

0.15 

<.015 

0.7 

1 

92.7    GHz 

0 

0 

0 

-r  1 

The  MMW  system  Is  the  most  desirable  for  a  communication  system  when  transmission 
effects  are  considered.   The  CO2  system  is  next  In  desirability  because  it  is  affected 
to  only  a  small  degree  by  white  phosphorus  and  HC  emoke  and  because  turbulence  effects 
are  not  as  severe  as  at  the  higher  frequencies. 

The  effects  of  the  obscurants  are  additive  to  those  of  turbulence  when  considering 
transmission  effects  except  in  the  case  of  dust.   For  low  attenuation,  the  scin- 
tillation decreases  to  reduce  the  effect  of  the  dust  on  the  communication  system.   The 
scintillation   reduction  is  no  longer  evident  once  the  attenuation  exceeds  lOdB. 
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FLUCTUATIONS  DUE  TO 
TURBULENCE 
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FIGURE  1.     Ga^s  LASER  SIGNAL  VS.  TIME. 
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FIGURE  2.      INTENSITY  HISTOGRAMS  OF  THE  HeNe  LASER 
SIGNAL  COMPARED  TO  A  LOG-NORMAL  DIS- 
TRIBUTION. 
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FIGURE  3.   INTENSITY  HISTOGRAMS  OF  THE  GaAs 
LASER  SIGNAL  COMPARED  TO  A  LOG- 
NORMAL  DISTRIBUTION. 


FIGURE  4.   INTENSITY  HISTOGRAMS  OF  THE  CO,  1ASER 
RETURN'  COMPARED  TO  A  LOG -NORMAL  DIS- 
TRIBUTION. 
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FIGURE  5.  STANDARD  INVERSE  NORMAL  DISTRIBUTION 
PLOT  OF  THE  In  INTENSITY  GaAs  RETURN. 
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FIGURE  6.  VALUES  OF  Cr,?  DERIVED  FROM  MEASURE- 
NENTS  AT  VARIOUS  WAVELENGTHS 
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FIGURE  7.  TRANSMISSION  OF  A  HeNe  LASER  SIGNAL 
IN  THE  PRESENCE  OF  WHITE  PHOSPHORUS 
SMOKE. 
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FIGURE  8.  TRANSMISSION  OF  A  GaAs  LASER  SIGNAL 
IN  THE  PRESENCE  OF  WHITE  PHOSPHORUS 
SMOKE. 
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FIGURE  9.  TRANSMISSION  OF  A  C02  LASER  SIGNAL 
IN  THE  PRESENCE  OF  WHITE  PHOSPHORUS 
SMOKE. 
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FIGURE  10.     RELATIVE  TRANSMISSION  OF  GaAs 

AND  HeNe  LASERS  IN  THE  PRESENCE 
OF  WHITE  PHOSPHORUS  SMOKE. 
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FIGURE  11.     RELATIVE  TRANSMISSION  OF  GaAs  AND 

C02  LASERS  IN  THE  PRESENCE  OF  WHITE 
PHOSPHORUS  SMOKE. 
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FIGURE  12.     HeNe  USER  SIGNAL  KITH  DUST  IN 
THE  PATH. 
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FIGURE  H.  GaAs  LASER  SIGNAL  WITH  DUST  IN  THE 
PATH. 
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FIGURE  14.  CO-.  LASER  SIGNAL  WITH  DUST  IN  THE 
PATH. 
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FIGURE  15.     RELATIVE  TRANSMISSION  OF  HeNe  AND 

GaAs  LASER  SYSTEMS  KITH  DUST  IN  THE 
PATH. 
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FIGURE   16.      RELATIVE  TRANSMISSION  OF  C02  AND 
GaAs  LASER  SYSTEMS  WITH  DUST  IN 
THE  PATH. 
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FIGURE  17.      HeNe  LASER  SIGNAL  VS.   TIME  WITH 
SMOKE  PRESENT. 


FIGURE  18.     GaAs  LASER  RETURNS  VS.  TIME  WITH 
SMOKE  PRESENT. 
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FIGURE   19.    C02    LASER  RETURNS  VS.  TIME  WITH 
SMOKE  PRESENT. 
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FIGURE  20.     RELATIVE  TRANSMISSION  OF  GaAs  AND 

HeNe  LASER  SYSTEMS  WITH  SMOKE  PRESENT. 
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FIGURE  21.     RELATIVE  TRANSMISSION  OF  GaAs  AND 


CO,  LASER  SYSTEMS  WITH  SMOKE  PRESENT. 
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FIGURE  22.     TIME  HISTORY  OF  NfW  TRANSMISSION 
WHEN  A  105mm  SHELL  EXPLODES  IN 
THE  SIGNAL  PATH 
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FIGURE  23 .     RELATIVE  TRANSMISSION  OF  GaAs  AND 
HeNe  LASERS  WHEN  A  105mm  SHELL 
EXPLODES  IN  THE  SIGNAL  PATH. 
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FIGURE  24.  RELATIVE  TRANSMISSION  OF  THE  GaAs 
AND  C02  LASERS  WHEN  A  105mm  SHELL 
EXPLODES  IN  THE  SIGNAL  PATH. 
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ABSTRACT  < 

(U)   The  technology  and  potential  benefit  of  a  Battlefield 
IFF  (BIFF)  system  were  examined.   An  Army  computer  model  was  used 
to  examine  the  effect  of  a  BIFF  system  on  the  force  effectivenes 
under  various  conditions  of  visibility.   The  analysis  showed  that 
when  FLIR  sensors  were  necessary  the  BIFF  system  improved  force 
effectiveness.   Under  good  visibility  conditions  with  visible 
light  sensors  the  IFF  system  did  not  improve  force 
effectiveness . 

(U)   Trade-offs  in  technology  level,  performance  level  under 
degraded  seeing  conditions  and  in  the  presence  of  enemy  inter- 
ference were  examined.   Recommendations  were  made  for  sensor 
wavelength. 
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I.   INTRODUCTION 

(U)   The  effective  range  of  battlefield  weapons  has  been 
increasing.   The  average  encounter  distance  between  tanks  in 
World  War  II  was  750  meters  and  this  had  doubled  to  1500  meters 
in  the  1973  Arab-Israeli  War.   This  trend  is  continuing  as  the 
size  of  the  main  tank  gun  increases  and  TOW  missile  maximum  range 
approaches  4  km. 

(U)   This  increased  maximum  firing  range  magnifies  the  dif- 
ficulty of  the  target  identification  problem.   In  addition,  it  is 
realized  that  combat  may  be  necessary  at  non-ideal  times  such 
as  nighttime  and  when  the  battlefield  is  obscured  by  fog,  dust, 
and  man-made  obscurants.   Although  improved  sensors  such  as  low 
light  level  TV  and  FLIRS  are  being  introduced  to  cope  with  this 
situation,  the  identification  range  of  these  sensors  has  not 
increased  as  much  as  the  detection  range,  thereby  exacerbating 
the  problem. 

(U)   The  Army  does  not  have  a  defined  requirement  for  an 
improved  identification  system  although  the  Army  is  aware  that 
identification  is  a  potential  problem,  and  TRADOC  (Army  Training 
and  Doctrine  Command)  has  been  studying  the  problem  with  the  aid 
of  TRASANA  and  Lincoln  Laboratory.   A  similar  situation  exists  in 
the  air  battle  since  the  range  of  weapons  has  also  increased. 
The  need  for  an  IFF  system  in  the  air  battle  was  demonstrated  in 
the  1973  Middle  East  War  where  it  was  reported  that  the  Egyptian 
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forces  shot  down  89  Israeli  aircraft  and  69  of  their  own*. 
Similar  data  for  the  ground  battle  are  not  forthcoming.   Although 
fratricide  is  recognized  as  a  potential  problem,  TRADOC  found  very 
little  recorded  data  on  fratricide.   It  is  generally  felt  that 
the  incidents  of  fratricide  are  underreported, and  It  would  be 
dangerous  to  draw  conclusions  from  either  the  reported  fratricide 
level  or  the  cause  of  the  fratricides  which  were  reported.   In 
addition  the  CARMONETTE  (a  computer  simulated  battle)  results 
show  that  the  fratricide  problem  is  significantly  increased  when 
visibility  has  been  degraded  to  the  point  that  FLIR  sensors  are 
necessary.   The  historical  data  do  not  shed  any  light  on  this 
aspect  of  the  problem.   For  example,  it  was  found  in  the  Middle 
East  War  that  the  average  number  of  shell  holes  in  a  dead  tank 
was  over  20  with  one  tank  actually  sustaining  over  50  hits.   This 
is  not  direct  evidence  of  fratricide  and  an  IFF  system  on  a  dead 
tank  would  not  necessarily  prevent  multiple  hits,  and  in  fact 
might  increase  friendly  fire  on  it  since  there  would  be  no 
response  from  it  to  an  interrogation. 

(U)   In  order  to  get  a  feel  for  the  fratricide  problem,  a  com- 
puter simulation  was  performed  of  the  force  Interaction  in  the 
ground  battle.   The  Lincoln  Laboratory  study  of  the  ground 
battle  identification  problem  using  the  Army  CARMONETTE  battle 
model  has  been  carried  out  with  the  collaboration  of  TRASANA 
(TRADOC  Analysis  Agency).   The  results  of  the  study,  which  should 
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be  considered  preliminary,  are  reported  in  the  next  chapter. 
These  show  that  under  clear  daylight  conditions  there  is  pres- 
ently no  deficiency  in  the  identification  process;  however, 
under  obscured  conditions  or  at  night  the  acquisition  sensor 
limits  weapon  effectiveness.   This  indicates  a  need  for  a  better 
battlefield  identification  process. 

(U)   The  identification  function  can  be  performed  by  using 
either  cooperative  or  non-cooperative  techniques.   Cooperative 
techniques  require  the  potential  target  to  make  a  specified  reply 
to  the  interrogation  of  a  weapon  system.  Traditionally  the  Army 
has  been  opposed  to  this  technique  since  it  is  a  friend  iden- 
tifier rather  than  a  foe  identifier,  which  is  the  desired  prop- 
erty, and  because  of  the  concern  that  the  enemy  could  exploit  or 
jam  the  system.   Technological  advances  have  made  it  possible  to 
build  systems  which  are  very  difficult  to  exploit  and  jam; 
therefore,  one  should  no  longer  quickly  dismiss  such  systems. 
Exploitation  and  jamming  are  considered  in  more  detail  in  this 
report. 

(U)   Non-cooperative  techiques  which  do  not  require  any 
response  from  the  target  vehicle  can  be  either  active  or  passive, 
direct  or  indirect.   Briefly,  active  systems  require  radiation  on 
the  part  of  the  weapon  system  to  help  make  the  identification. 
Radar  and  laser  systems  fall  into  this  category.   Passive  systems 
do  not  emit  any  energy  to  perform  identification  but  instead  rely 


3 

Unclassified 


UNCLASSIFIED 

•  •  •  wvGrGt  •  •  •  • 


on  passive  means  such  as  pattern  recognition  using  a  combination 
of  visible  and  IR  signatures,  electromagnetic  emissions  of  the 
target  vehicle,  and  communications  from  another  unit.   A  direct 
system  refers  to  the  ability  of  the  weapon  system  to  perform  the 
identification  autonomously  while  with  an  indirect  system  infor- 
mation to  aid  the  identification  process  is  communicated  from 
another  source. 

(U)   The  most  desirable  system  is  a  passive  autonomous 
system;  however,  this  is  not  easily  realized.   This  report  will 
discuss  in  greater  detail  the  various  considerations  involved  in 
choosing  an  ID  system. 

(U)   A  cooperative  IFF  system,  if  built,  has  to  operate 
reliably  in  all  situations  in  which  a  target  can  be  acquired. 
These  involve  operating  in  the  presence  of  dust,  smoke,  night  and 
inclement  weather  (fog,  rain,  snow,  etc.).   The  various  technical 
considerations  including  propagation,  size,  technology  risk,  etc., 
in  choosing  such  a  system  are  discussed  in  this  report. 

(S)   A  MMW  IFF  system  is  the  most  desirable  as  far  as  propa- 
gation is  concerned;  however,  there  are  serious  questions  as  to 
whether  such  a  system  can  be  manufactured.   A  tradeoff  study  was 
performed  between  technology  level  and  system  characteristics  to 
determine  the  most  desirable  MMW  band.   It  was  ascertained  that 
if  one  is  considering  building  such  a  system  in  the  early  1990 
time  frame  then  95GHz  should  be  the  band  of  operation. 
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(S)   To  show  that  a  95GHz  IFF  system  with  the  desired  wave- 
form encoding  is  technically  feasible,  a  demonstration  system  was 
built  and  tested.   This  work  is  also  described  in  this  report. 

II.   THE  NEED  FOR  A  BETTER  IDENTIFICATION  SYSTEM 

(U)   It  is  obvious  that  a  better  Identification  system  would 
increase  the  force  effectiveness;  however,  the  real  question 
which  must  be  addressed  is  whether  the  increase  in  force  effec- 
tiveness justifies  the  high  cost  of  such  a  system.   To  start 
addressing  this  problem  Lincoln  Laboratory  has  been  modeling  red- 
blue  ground  battles  on  a  computer  in  which  the  defensive  blue 
forces  have  various  identification  capabilities. 

(U)   The  computer  model  used  is  an  adaptation  of  the 
CARMONETTE  battle  model  which  has  been  used  extensively  by  the 
Army  to  evaluate  the  effect  of  new  weapon  systems  in  a  tactical 
engagement.   The  tradeoff  one  makes  on  the  battlefield  in  deter- 
mining at  what  confidence  to  fire  is  between  the  number  of  enemy 
vehicles  killed  and  the  fratricide  rate.   CARMONETTE  as  origi- 
nally received  did  not  permit  fratricides  to  occur.   This  defi- 
ciency has  been  removed  and  the  details  of  this  change  are  con- 
tained in  a  report^  which  describes  the  modeling  work  and  the 
results  reported  in  this  chapter  in  greater  detail.   In  order  to 
model  the  observer's  thinking  more  realistically,  a  memory  was 
also  built  into  the  model  of  the  observer.   Each  observation 
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modifies  an  observer's  perception  of  the  object  as  a  friend  or 
foe.   Only  if  the  perception  of  the  target  passes  a  foe  threshold 
is  it  put  on  the  firing  cue.   This  perception  of  a  target  as  a 
friend  or  foe  decays  with  time  to  a  level  at  which  the  iden- 
tification is  unknown  if  the  target  is  not  observed  for  a  period 
of  time.   This  decay  time  is  modified  by  loss  of  line  of  sight, 
the  amount  of  stress  the  observer  is  under  and  the  relative 
motion  of  vehicles.   In  this  model  a  unit  does  not  forget  the 
identity  of  a  friend  who  is  dug  in  with  him  or  moving  at  the  same 
velocity  in  a  column. 

(U)   The  sensors  are  modeled  in  CARMONETTE  to  perform  detec- 
tion (something  is  out  there),  recognition  (is  it  a  tank  or 
truck),  and  identification  (is  it  a  Russian  or  American  tank) 
using  the  NV  &  EO  Laboratory  model  of  the  sensors  and  the  Johnson 
criteria  (1,  3  and  6  lines  of  resolution  to  respectively  perform 
the  detection,  recognition,  and  identification  functions  for 
visible  light  sensors  and  1,  4,  and  8  lines  of  resolution  to  do 
the  same  task  using  PLIR  sensors).   The  model  assumes  that  the 
equipment  is  not  camouflaged  or  that  the  enemy  is  not  using  cap- 
tured vehicles.   When  captured  or  camouflaged  vehicles  are  used 
by  the  enemy,  the  range  at  which  a  noncooperative  system  can  make 
an  identification  is  greatly  decreased,  while  a  Q/A  IFF  would 
still  function  normally. 
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(U).  Command  and  control  helps  to  sort  out  the  forces.   It  is 
modeled  in  CARMONETTE  by  initiating  each  observer's  memory  with 
the  proper  side  of  each  vehicle  at  the  start  of  the  battle.   If 
the  forces  remained  separated  in  space  one  would  not  expect 
significant  fratricide.   To  have  the  potential  for  fratricide 
there  has  to  be  intermingling  of  the  forces  and  some  breakdown  in 
command  and  control.   If  it  is  assumed  that  all  friends  have  per- 
fect knowledge  of  the  force  disposition, then  an  improved  ID 
system  is  not  necessary. 

(U)   Although  Army  doctrine  permits  firing  on  recognition, 
in  actuality  the  firing  is  done  on  identification  although  the 
Identification  need  not  be  performed  by  the  sensor.   The  sensor 
may  only  recognize  the  vehicle  but  additional  information  pro- 
vided by  knowledge  of  the  location  of  the  vehicle, or  by  com- 
munications, is  used  to  identify  the  vehicle.   A  similar  procedure 
is  used  in  the  computer  model.   Most  computer  runs  were  made  with 
only  recognition  required  by  the  sensor  on  a  given  observation 
with  the  memory  being  used  to  make  the  identification.   The 
memory  contains  information  from  the  initial  condition  and  from 
previous  sensor  looks  which  resulted  in  identification. 

(U)  Free  fire  zones  were  not  modeled.  It  was  assumed  that 
the  confusion  on  the  battlefield  did  not  allow  the  establishment 
of  these  zones.   The  units  on  the  battlefield  have  to  make  their 
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decision  on  whether  a  vehicle  is  a  friend  or  foe  based  on  the 
sensor  output  and  memory  of  the  battlefield  situation.   In  such  a 
situation  fratricide  was  significant.   Obviously  this  breakdown 
of  battlefield  communication  will  not  always  occur.   It  is  a 
matter  of  military  judgement  to  determine  how  often  such  con- 
fusion and  degraded  visibility  would  occur  simultaneously  on  the 
battlefield. 

(U)   The  CARMONETTE  battle  takes  place  on  a  6km  square  grid 
with  a  granularity  of  100  meters.   Terrain  effects,  weapon  and 
sensor  characteristics,  and  battle  orders  are  modeled.   Two  dif- 
ferent tactical  situations  were  modeled  after  consultation  and 
approval  of  the  Army's  armored,  infantry,  and  air  cavalry  schools 
These  two  tactical  situations,  "Covering  Force"  and  "Red  Hasty 
Attack",  produced  similar  results  in  the  simulation.   They  are 
described  in  reference  2.   Because  the  battle  results  were  simi- 
lar for  both  tactical  situations  only  the  "Covering  Force" 
results  are  discussed  in  this  report. 

(U)   The  battle  was  run  for  15  minutes  with  and  without  an 
improved  IFF  system  under  the  following  visibility  conditions: 
7km  day  with  and  without  smoke  deployed,  l/2km  day,  and  2km 
night. 

(U)   The  confidence  level"  necessary  to  fire  is  an  adjustable 
parameter.   Sensitivity  runs  of  one  replication  each  were  run 
with  various  values  of  blue  confidence  to  find  the  red  optimum 
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value.   Then  red  confidence  was  varied  to  find  the  red  optimum 
operating  point.   The  10  replication  runs  reported  here 
had  the  "optimum"  confidence  level  derived  in  this  manner  for 
each  different  visibiity. 

(U)   The  results  that  will  be  reported  immediately  below  for 
the  cases  of  7km,  2km  and  0.5km  visibility  require  2  people  to 
make  an  incorrect  observation  before  the  vehicle  is  fired  upon. 
This  was  done  to  model  the  fact  that  in  a  typical  situation  two 
people  are  required  to  engage  a  target.    For  instance,  in  a  tank 
the  tank  commander  will  tell  the  gunner  to  engage  a  target.   The 
gunner  will  put  the  vehicle  in  his  sight  but  will  not  fire  if  he 
thinks  the  target  is  a  friend.   The  two  looks  are  treated  inde- 
pendently.  In  an  actual  situation  a  mistake  may  be  made  by  the 
commander  because  the  target  is  partially  obscured  or  is  at  a 
certain  aspect  angle.   The  gunner  is  likely  to  make  the  same 
mistake.   Therefore  the  two  looks  are  correlated  and  the  results 
below  will  give  a  low  estimate  of  fratricide.  Later  results  will 
be  given  for  the  case  where  only  one  observer  has  to  make  a 
mistake  before  firing  occurs.   The  greater  number  of  fratricides 
reported  in  this  case  are  an  overestimate  of  the  fratricides  to 

* 

be  expected  in  this  tactical  situation.  The  truth,  which  lies 
somewhere  in  between,  requires  additional  experimental  data  to 
determine  the  correlation  coefficient  between  the  views  of  two 
observers. 
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(U)   Figure  1  shows  the  number  of  kills  of  the  blue  and  red 
forces  for  both  sides  having  the  current  sensors  and  then  for 
blue  having  a  perfect  IFF  system.   The  day  is  clear  with  7km 
visibility.   Remember  the  perfect  IFF  system  can  be  a  Q/A  system 
or  a  non-cooperative  system.   Also  plotted  is  the  kill  ratio  for 
both  cases.   Ten  individual  runs  are  averaged  in  order  to  reduce 
statistical  fluctuations.   Notice  that  many  more  red  vehicles  are 
killed.   There  are  two  reasons  for  this:  blue  is  dug  in  and 
harder  to  hit  and  TRASANA  has  modeled  red  as  acquiring  a  real 
target  only  30$  of  the  time.   The  other  70%  of  time  red  mistakes 
a  rock,  tree,  etc.,  as  a  target  and  fires  at  that.   Blue  is  more 
accurate  in  acquiring  the  moving  red  forces  and  only  falsely 
fires  1055  of  the  time.   These  numbers  were  chosen  on  the  basis  of 
field  trials.    Notice  that  the  number  of  kills  and  the  kill 
ratio  are  similar  with  and  without  an  IFF  system.   The  fratricide 
rate  is  very  low.   The  conclusion  one  reaches  in  this  case  is 
that  for  a  7km  visibility  day  the  optical  acquisition  sensors  are 
not  a  limiting  factor  in  force  effectiveness  and  an  improved  IFF 
system  is  not  warranted. 

(U)   Figure  2  shows  the  results  for  a  2km  visibility  night. 
Both  sides  have  FLIR  sensors.  In  this  case  the  number  of  kills  of 
red  vehicles  has  gone  up  from  43.6  per  battle  to  61.4  per  battle 
when  a  perfect  IFF  system  is  used.   The  kill  ratio  went  from  4.6 
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(U)  Fig.  1.  Red  and  blue  kills  and  kill  ratio  for 
a  7km  visibility  day  with  and  without  a  perfect  IFF 
system. 


11 


Unclassified 


Unclassified 


IFF-13     (2) 


UNCLASSIFIED 


COVERING  FORCE  2.0  KM   NIGHT 

10  REPL-I  CAT  I  ON  FLIR  SENSORS 

RED  REQUIRED  CONFIDENCE  =  0.5 


en 

Ld 
(J) 
LD 
O 

_l 

U 
_J 
CJ 

IE 
Ld 
> 


I 


OFF 


< 

cr 


n 

1 1 . 

9 

_ 

8 

- 

7 

- 

6 

- 

5 

- 

4 

- 

3 

- 

- 

2 
i 

- 

- 

i 

n 

OFF  ON  OFF 

BLUE     PERFECT     B  I  FF 


LOSSES  FROM  FRATRICIDE 
LOSSES  FROM  ENEMY 


BLUE 
RED 


(U)   Fig.  2.   Red  and  blue  kills  and  kill  ratio  for 
a  2km  visibility  night  with  and  without  a  perfect 
IFF  system. 
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to  11  while  the  number  of  fratricides  which  average  2.6  was 
eliminated  with  a  perfect  IFF  system.   The  nighttime  results  with 
a  perfect  IFF  are  about  the  same  as  the  daytime  results  as  would 
be  expected  since  FLIRs  detect  targets  at  night  as  well  as  during 
the  daytime. 

(U)   The  reason  for  the  increased  effectiveness  with  perfect 
IFF  is  illustrated  in  Figure  3  which  shows  the  target  range  at 
which  the  kills  occur.   Notice  that  the  perfect  IFF  system  allows 
blue  to  fire  earlier  and  at  longer  range. 

(U)   When  the  visibility  is  reduced  to  0.5km  during  the 
daytime,  which  is  a  moderate  fog,  then  the  average  number  of 
kills  with  the  present  system  is  37.9  and  the  number  of  fratri- 
cides is  6.4  as  shown  in  Figure  4.   Perfect  IFF  increases  the 
kills  to  44  and  eliminates  fratricide.   There  is  a  dramatic 
increase  in  kill  ratio.   The  number  of  blue  kills  by  red  is  small 
because  the  blue  vehicles  are  assumed  to  be  cold  while  the  red 
vehicles  are  warm  because  they  are  moving.   As  the  battle 
progresses  the  blue  vehicles  should  heat  up  but  this  is  not 
modeled. 

(U)   The  total  kills  even  with  a  perfect  IFF  system  (44)  is 
less  than  the  number  of  kills,  (61.4)  during  a  7km  visibility 
day.   The  reduced  number* of  kills  is  caused  by  the  effect  of  fog 
on  the  FLIR.   In  this  case  the  use  of  an  acquisition  sensor  with 
better  weather  penetrability  would  probably  increase  the  number 
of  kills. 
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(U)  Pig.  4.  Red  and  blue  kills  and  kill  ratio  for 
a  0.5km  visibility  day  with  and  without  a  perfect 
IFF  system. 
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(U)  The  above  results  were  for  the  case  when  two  observers 
on  a  weapon  platform  had  to  make  a  mistake  before  a  target  was 
engaged.   Figures  5,  6,  and  7  compare  the  results  of  requiring 
either  two  observers  or  one  observer  to  make  a  mistake  before 
target  engagement  for  the  three  cases  previously  considered  (7km 
day,  2km  night,  and  0.5km  day  visibility).   There  is  a  signifi- 
cant increase  in  fratricide  especially  for  the  7km  visibility 
day.   As  discussed  earlier  the  number  of  fratricides  in  practice 
is  expected  to  fall  somewhere  between  the  two  cases. 

(U)   The  perfect  IFF  capability  might  be  achieved  in  either  a 
cooperative  or  non-cooperative  manner.   An  objection  often  stated 
against  a  cooperative  system  is  that  system  failures  could 
greatly  increase  the  fratricide  rate.   This  issue  is  examined  in 
the  next  section. 
II. a.   Degraded  Q/A  IFF  System 

(U)   There  is  concern  about  the  consequences  of  a  system 
failure  in  a  Q/A  IFF  system.   Most  of  the  time  it  will  be  easy  to 
determine  that  the  interrogator  is  not  working  either  by  physical 
inspection  or  built  in  test  equipment  (BITE).   If  it  is  not  func- 
tioning then  the  operator  can  resort  to  the  present  non- 
cooperative  technique  of  Identification.   If  the  transponder  is 
out  it  will  also  be  generally  determined  by  BITE.   Both  the 
interrogator  and  transponder  can  also  be  tested  externally  by 
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(U)   Fig.  5.   Effect  of  requiring  either  one  or  two 
observers  to  make  "a  firing  decision  during  a  7km 
visibility  day. 
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(U)   Pig.  6.   Effect  of  requiring  either  one  or  two 
observers  to  make  a  firing  decision  during  a  2km 
visibility  night. 
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(U)   Fig.  7.   Effect  of  requiring  either  one  or  two 
observers  to  make  a  firing  decision  during  a  0.5km 
visibility  day. 
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performing  a  link  check  with  a  buddy  unit.   If  the  transponder  is 
out  the  affected  unit  can  reduce  its  vulnerability  to  fratricide 
by  moving  close  to  a  buddy  unit  so  that  an  interrogation  on  that 
unit,  because  of  its  spatial  extent, is  likely  to  solicit  a  reply 
from  the  buddy  unit. 

(U)   However,  suppose  the  units  do  not  know  that  their 
equipment  is  inoperative.   Army  doctrine  requires  one  to  make  a 
positive  foe  identification  before  firing.   In  modeling  a  Q/A 
system  in  CARMONETTE,  that  doctrine  was  not  changed.   A  lack  of 
response  by  a  Q/A  IFF  system  does  not  Identify  the  non-responder 
as  an  enemy  and  he  is  not  automatically  put  on  the  firing  cue. 
Instead  it  is  examined  with  the  sensor  and  memory  to  determine 
if  it  is  a  friend  or  foe.   Therefore,  a  large  number  of  failed 
units  will  not  cause  a  catastrophic  increase  in  fratricide  rate. 
The  IFF  system  is  essentially  being  used  to  prevent  firing  on 
friends.   If  the  IFF  system  fails  and  a  friend  is  misidentif led 
by  the  sensor,  then  it  will  be  fired  upon.   With  no  IFF  the  friend 
would  also  be  fired  upon  if  the  target  were  misidentif ied  by  the 
sensor. 

(U)   The  above  is  not  the  complete  story.   When  an  IFF  system 
is  employed, it  was  found  that  the  force  effectiveness  could  be 
Increased,  by  lowering  the  confidence  level  necessary  to  declare 
a  vehicle  an  enemy.   Therefore,,  there  will  be  an  increase  in  the 
chance  of  fratricide  for  those  units  which  have  an  inoperative 
IFF  system  of  which  they  are  not  aware. 
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(U)   To  quantify  all  these  factors  exactly  requires  a  large 
change  to  CARMONETTE.   Instead,  IFF  system  failure  was  modeled 
simply  by  saying  that  any  unit  would  have  a  certain  probability 
of  not  responding.   The  case  of  0.5km  visibility  day  was  modeled 
with  an  IFF  system  having  a  reliability  of  .99,  .95,  and  .80. 
The  results  of  this  are  shown  in  Figure  8  for  one-replication 
runs.   There  is  an  increase  in  fratricide  but  the  effects  are 
not  disastrous.    The  degraded  IFF  system  does  appreciable  affect 
the  force  effectivenes  when  the  reliability  decreases  to  .80. 
Therefore  one  reaches  the  conclusion  that  a  degraded  IFF  system 
operating  under  the  doctrine  of  firing  only  upon  foe  iden- 
tification does  not  appreciably  affect  the  fratricide  level. 

(U)   The  preliminary  conclusion  reached  on  the  basis  of 
CARMONETTE  computer  simulations  is  that  an  improved  IFF  system 
would  not  increase  force  effectiveness  during  a  clear  day  but 
would  improve  it  at  night  and  during  foggy  weather.   Failure  of 
some  IFF  systems  should  not  seriously  degrade  the  force  effec- 
tiveness . 

(U)   Any  model  has  limitations  and  CARMONETTE  should  be 
further  refined  to  improve  the  fidelity  of  simulation.   Field 
trials  would  eventually  have  to  be  performed  to  verify  the 
correctness  of  the  model. 
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(U)   Fig.  8.   Effect  of  a  degraded  IFF  system  on  the 
red  and  blue  kills  and  kill  ratio. 
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III.   IDENTIFICATION  -  COOPERATIVE  OR  NON-COOPERATIVE 

(U)   Ideally  an  identification  system  should  be  able  to 
quickly  and  accurately  identify  friends,  foes,  and  neutrals  at 
ranges  greater  than  the  maximum  effective  range  of  the  weapons. 
It  should  perform  this  function  by  using  easily  produced,  compact 
equipment  which  is  not  exploitable  by  the  enemy.   Both  coopera- 
tive and  non-cooperative  systems  fall  short  of  this  ideal. 
III. a.   Non-Cooperatlve  Target  Recognition 

(U)   Non-cooperative  techniques  have  the  potential  of 
approaching  the  ideal  and  this  is  the  reason  for  their  appeal. 
As  currently  implemented,  they  require  the  use  of  trained  opera- 
tors to  perform  the  identification  from  the  sensor's  visual  pre- 
sentation.  These  operators  can  do  a  reasonable  job  with  wide 
field  and  magnified  visible  optical  images.   Error  rates  can  be 
as  low  as  10  percent.-  The  error  rates  quoted  here  which  were 
also  used  in  the  CARMONETTE  computer  model  were  obtained  from 
B.  J.  Harrell  of  TRASANA.   They  are  based  on  tests  performed  by 
HEL  (Human  Engineering  Laboratory).   With  low  light  level  TV  and 
FLIR  devices  the  presentation  of  the  image  is  different  than  the 
visible  image  and  this  r.esults  in  higher  error  rates.   For  a  FLIR 
30  percent  of  the  identifications  are  incorrect. 
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(U)   It  may  take  the  operator  a  significant  time  to  make  a 
decision  which  is  a  disadvantage  on  the  battlefield.   Advanced 
non-cooperative  ID  systems  could  use  signal  processors  to  auto- 
matically perform  image  processing  and  Doppler  filtering  thereby 
decreasing  the  time  required  to  make  a  decision.   Because  of  the 
number  of  pixels  to  be  examined  in  an  optical  system,  or  the 
Doppler  processing  required  in  a  radar  system,  the  task  of  per- 
forming the  identification  requires  a  great  number  of  com- 
putations and  subsequently  a  rather  large  and  costly  processor. 
In  addition,  experience  to  date  is  that  the  automatic  processor 
is  not  more  accurate  than  a  trained  observer.   Therefore,  an 
automatic  system  operating  with  a  present  FLIR  which  would 
accurately  identify  a  vehicle  70  percent  of  the  time  is  a 
realistic  goal  to  strive  for. 

(U)   The  size  of  the  optics  could  be  increased  to  improve  the 
resolution  of  the  image  with  the  hope  that  the  accuracy  could  be 
improved.   Aside  from  increasing  the  cost  of  the  optics  and  also 
its  vulnerability  to  damage  due  to  the  increased  size,  it  is  in 
no  way  certain  that  the  accuracy  would  be  significantly  improved. 
The  percent  error  in  identification  does  not  vary  linearly  with 
range  as  one  might  expect  from  the  change  in  perceived  target 
size.   Targets  at  certain  aspect,  ratios  or  in  the  presence  of 
clutter  are  hard  to  identify  at  any  magnification  and  attempts  to 
do  so  often  result  in  errors. 
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(U)   When  PLIRs  are  used,  it  was  shown  in  the  last  chapter 
that  the  potential  for  fratricide  is  highest.   As  pointed  out 
above  it  is  not  clear  that  this  problem  can  be  corrected  using 
non-cooperative  techniques.   There  are  potential  techniques  such 
as  the  use  of  the  Doppler  spectrum  from  a  radar  return  to  iden- 
tify targets.   Not  enough  work  has  been  done  in  this  area  under  a 
variety  of  realistic  conditions  to  reach  conclusions  as  to  how 
effective  these  techniques  would  be  with  a  mix  of  targets  at 
various  aspect  angles  and  backgrounds.   Also  the  Army  presently 
does  not  have  any  radars  on  ground  vehicles  used  in  ground-to- 
ground  direct  fire  encounters  and,  because  such  a  radar  could  be 
detected  the  Army  is  reluctant  to  change  the  situation. 

(U)   Any  automatic  target  recognition  device  would  require  a 
method  of  identifying  each  vehicle  on  the  battlefield.   This 
system  would  not  work  on  a  new  vehicle  until  it  was  programmed 
into  the  processor.   Since  one  has  greater  access  to  friendly 
vehicles,  this  system  would  work  better  as  a  friend  identifier 
than  an  enemy  identifier;  thus  it  has  some  of  the  disadvantages 
of  a  cooperative  Q/A  system. 

(U)  One  has  to  assume  that  any  system  used  in  ground  combat 
will  be  captured  intact.  The  enemy  could  use  the  identification 
system  in  the  field  and  -may  use  the  training  set  or  algorithms  in 


25 

Unclassified 


Unclassified 


a  system  of  their  own  if  they  had  one.   Since  the  algorithms  will 
probably  be  sensor  and  processor  dependent  the  fear  of  the  enemy 
copying  the  system  is  not  great.   If  the  enemy  has  the  algorithms 
which  are  used  to  identify  vehicles  a  greater  fear  would  be  of 
their  using  them  to  determine  what  cosmetic  changes  could  be  made 
to  their  vehicles  to  cause  a  misidentif ication.   In  the  worst  case 
the  modifications  (camouflage)  might  cause  the  identification 
systems  to  identify  the  modified  vehicle  as  a  friendly  one. 

(U)   A  non-cooperative  direct  target  identification  system 
cannot  ever  identify  a  captured  friendly  vehicle  as  an  enemy 
vehicle.   Captured  equipment  was  used  extensively  in  WWII  and  the 
Arab-Israeli  war  so  this  is  a  real  possibilty  in  a  future 
conflict.   Another  similar  problem  is  going  to  battle  against  a 
country  which  has  previously  been  a  friend  and  has  the  same 
equipment  as  the  friendly  force. 

(U)   In  summary,  non-cooperative  techniques  are  presently 
range  limited  and  are  prone  to  error.   Automatic  techniques  will 
require  fast  processors,  will  be  quicker,  but  may  not  be  any  more 
accurate  than  a  human  observer.   They  can  categorize  friends, 
enemies,  and  neutrals  if  the  equipment  of  both  sides  is  dif- 
ferent.  Non-cooperative  techniques  might  be  spoofed. 
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Ill.b.   Cooperative  Target  Recognition 

(U)   Cooperative  target  recognition  requires  the  target 
vehicle  to  make  a  prescribed  response  when  interrogated.   A  non- 
response  would  indicate  that  the  target  vehicle  is  an  enemy.   The 
non-response  could  be  caused  by  a  failure  of  the  IFF  equipment  or 
because  the  vehicle  is  really  an  enemy.   Therefore,  a  Q/A  IFF 
system  is  a  friend  identifier  and  only  an  enemy  identifier  by 
inference.   It  is  assumed  that  there  are  no  neutrals  in  the 
ground  battle  area  in  the  remaining  discussion  and  they  will  not 
be  further  considered.   One  reason  the  Army  has  been  opposed  to  a 
cooperative  IFF  system  is  because  the  ROE  (rules  of  engagement) 
require  positive  foe  identification  in  order  to  fire.   As  used  in 
CARMONETTE  the  IFF  did  not  violate  the  ROE,  it  just  found  that 
the  force  effectiveness  was  increased  if  the  confidence  required 
in  positive  foe  identification  was  lowered  before  an  enemy  could 
be  fired  at. 

(S)   Another  often  quoted  objection  to  a  Q/A  IFF  system  is 
its  stated  vulnerabiliy  to  jamming,  spoofing,  and  exploitation. 
This  feeling  is  based  on  the  ease  with  which  the  MK12  IFF  system 
can  be  defeated  and  our  exploitation  of  the  IFF  system  of  the 
North  Vietnamese.   These  systems  are  based  on  older  technology. 
It  is  possible  to  build  systems  with  modern  technology  which  are 
not  easily  defeated  or  exploited. 
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(U)   In  Appendix  C  the  potential  for  jamming  the  Q/A  IFF 
system  is  analyzed   The  results  show  that  the  systems  which  are 
being  considered  could  only  be  affected  to  a  minor  degree  by  a 
concerted  jamming  effort  on  the  part  of  the  enemy. 

IV.   CHOOSING  A  Q/A  IFF  SYSTEM 

(U)   Before  one  decides  between  an  improved  non-cooperative 
or  a  Q/A  IFF  system  it  is  necessary  to  know  what  is  involved  in 
implementing  each  system  and  how  it  will  perform.   There  are  many 
ideas  for  implementing  an  improved  non-cooperative  IFF  system; 
however,  none  of  them  are  at  a  stage  in  which  their  performance 
can  be  critically  evaluated.   The  major  thrust  of  Lincoln 
Laboratory's  effort  was  in  evaluating  the  tradeoffs  between 
various  cooperative  IFF  systems.  '  This  section  will  discuss  the 
results  of  these  tradeoffs. 

(U)   An  ideal  Q/A  IFF  system  should  function  perfectly  any- 
time a  target  is  acquired.   It  should  be  small,  cheap,  durable, 
safe,  and  easy  to  produce.   It  should  not  be  susceptible  to 
jamming,  spoofing,  or  exploitation. 

(U)   A  major  consideration  which  rules  out  many  systems  is 
the  necessity  for  the  IFF  system  to  be  small.   This  system  has  to 
fit  into  tanks  and  man  portable  equipment  where  size  is  a  signi- 
ficant factor.   The  maximum  size  of  the  interrogation  antenna  can 
probably  be  no  greater  than  a  foot  and  a  smaller  antenna  is  highly 
desirable.   This  requirement  and  the  need  to  discriminate  between 
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targets  fairly  close  together  rules  out  the  lower  microwave  fre- 
quencies. 

(S)   The  maximum  beam  size  allowed  has  been  the  subject  of 
debate.   If  targets  are  close  in  angle  but  apart  in  range, 
they  can  be  distinguished  by  the  range  resolution  inherent  in  the 
delay  time  measurement  of  the  reply.   If  they  are  at  about  the 
same  range  and  close  in  angle  they  should  see  each  other  and  be 
engaged  if  on  opposite  sides.  The  European  NATO  allies  have 
argued  for  a  3mrad  beamwidth  which  is  rather  restrictive.   A 
reasonable  upper  bound  on  beamwidth  is  determined  by  the  require- 
ment that  the  system  should  be  able  to  distinguish  two  targets 
which  are  50  meters  apart  at  3km.   This  corresponds  to  a  I6mrad 
beamwidth  and,  if  a  2  to  1  beamsplitting  is  assumed  then  the  use 
of  all  frequencies  above  35GHz  is  allowed.   The  nearest  frequen- 
cies are  in  the  MMW  band. 

(S)   Optical  systems  have  a  narrow  enough  beamwidth  even  for 
very  small  apertures  and  for  these  the  aperture  size  is  deter- 
mined by  the  necessity  to  get  enough  power  on  the  target. 

(S)   If  one  were  building  a  MMW  system  then  it  is  desirable  to 
use  as  high  a  frequency  .as  possible  to  decrease  the  system  size. 
The  main  objection  to  going  to  a  higher  frequency  is  the  tech- 
nology level  which  decreases  rapidly  with  increasing  frequency. 
The  attenuation  also  increases  but  this  is  not  the  driving  item. 
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(S)   A  study  was  made  of  the  possibility  of  building  systems 
at  35,  60,  95  and  220GHz.   If  a  system  had  to  be  produced  in 
quantity  today  then  35GHz  would  be  the  system  frequency.   Ten 
years  from  now,  which  is  the  timeframe  in  which  a  Q/A  IFF  system 
could  be  fielded,  a  95GHz  system  would  probably  be  feasible. 

(S)   For  optical  systems  a  GaAs  laser  system  operating  at 
0.904  microns  and  a  CO2  system  operating  at  10.6  microns  have 
been  considered  by  NATO  as  candidate  systems.   Lasers  in  the 
visible  are  excluded  because  at  the  required  power  levels  eye 
safety  is  an  issue.   The  GaAs  components  are  the  most  tech- 
nologically mature,  and  Germany's  Capris  IFF  system  is  based  on 
it.   A  CO2  based  system  would  presently  require  cooled  detectors 
(Appendix  A)  which  are  highly  inconvenient  especially  on  those 
vehicles  which  do  not  have  a  FLIR  that  also  requires  liquid 
nitrogen  cooling.   The  ability  to  produce  compact,  rugged 
COg  lasers  with  long  life  needs  to  be  demonstrated. 

(S)   Laser  based  systems  using  Neodymium  YAG  operating  at 
1.064  micrometers  or  a  holmium  laser  operating  at  2.06  microme- 
ters were  also  considered.   Since  they  suffer  similar  attenuation 
in  smoke  and  fog  as  a  GaAs  system  and  would  be  more  difficult  to 
build  they  were  discarded  as  viable  possibilities. 

(S)   Neither  optical  interrogation  systems  would  use  an 
optical  system  to  reply  because  of  the  difficulty  of  determining 
the  direction  of  an  interrogator  and  then  directing  a  reply  In 
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that  direction.   In  both  the  NATO  optical  IFF  system  options  a 
low  band  microwave  backlink  is  proposed.   NV&EO  Laboratory  has 
been  considering  a  directed  CO2  reply  for  the  backlink  but  this 
is  in  an  early  stage  of  development. 

(S)   It  is  important  to  remember  that  an  IFF  system  does  not 
have  to  work  under  all  conditions;  however,  it  should  work  when- 
ever a  potential  target  has  been  acquired  by  an  acquisition 
system.   The  issue  of  the  compatibility  of  visible,  FLIR  and  MMW 
radar  acquisition  systems  has  been  considered  in  Appendix  A  for 
natural  weather  conditions.   It  is  shown  there  that  a  GaAs  system 
with  a  PIN  diode  detector  is  not  compatible  with  a  FLIR.   A  GaAs 
system  with  a  silicon  avalanche  diode  detector  would  have  addi- 
tional sensitivity  and  be  compatible  with  the  FLIR  in  the  pres- 
ence of  natural  obscurants.   The  system  with  the  avalanche  diode 
detector  would  be  more  complicated  than  the  one  with  a  PIN  diode 
detector.   The  analysis  reported  in  Appendix  A  also  showed  that  a 
CO2  system  with  uncooled  detectors  because  of  their  reduced  sen- 
sitivity would  not  be  compatible  with  any  acquisition  system. 
Research  indicates  that  it  may  be  possible  to  build  more  sen- 
sitive uncooled  CO2  detectors.   If  this  is  shown  to  be  prac- 
tically  possible, then  the  objection  of  requiring  uncooled  detec- 
tors would  no  longer  apply. 

(S)   Figure  2  of  Appendix  A  shows  the  attenuation  with  fre- 
quency for  fog  and  rain.   Fog  has  a  very  minor  effect  at 
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microwave  frequencies  compared  to  the  effect  at  optical  frequen- 
cies.  Fog  also  attenuates  a  1  micron  signal  much  more  than  a  10 
micron  one.   The  effect  of  rain  is  about  the  same  for  a  95GHz  and 
an  optical  system.   Reference  3  shows  the  effect  of  snow  on  pro- 
pagation which  is  also  about  the  same  at  all  frequencies  being 
considered  for  an  IFF  system.   Snow  produces  more  attenuation 
than  rain  for  the  same  equivalent  amount  of  moisture  falling. 

(S)   In  Appendix  B  the  compatibility  of  the  IFF  systems  and 
acquisition  systems  in  the  presence  of  battlefield  obscurants  is 
considered.   Dust  which  is  often  expected  to  be  present  in  the 
battlefield  can  greatly  attenuate  both  1  and  10  micron  signals. 
Dust  does  not  affect  MMW  signals.   Presently  deployed  military 
smokes  greatly  attenuate  1  micron  signals  while  not  greatly 
affecting  10  micron  and  MMW  signals. 

(S)   Therefore,  a  GaAs  system  would  not  work  under  conditions 
when  a  FLIR  could  acquire  a  target  in  dust  and  military  smokes. 
A  GaAs  system  would  not  work  when  a  MMW  radar  could  acquire 
targets  in  fog,  military  smokes,  and  dust.   The  system  would  work 
during  clear  days  and  nights  if  the  effects  of  turbulence  are 
compensated  for  by  Increasing  system  complexity.   Turbulence 
effects  which  can  cause  optical  signals  to  fade  30dB  are  a 
serious  problem  that  must  be  addressed  in  the  system  design.   It 
is  discussed  briefly  in  Appendix  B  and  in  greater  detail  in 
reference  4. 
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(S)   The  CO2  based  system  Is  compatible  with  both  visible 
optical  and  PLIR  acquisition  systems.   It  is  not  compatible  with 
a  MMW  acquisition  system  in  the  presence  of  dust. 

(S)   The  MMW  wave  system  is  compatible  with  visible  and  FLIR 
optical  systems  and  MMW  acquisition  systems. 

(S)   The  problem  of  exploitation  and  spoofing  is  considered 
in  Section  V.   It  Is  shown  that  the  Interrogation  link  of  the 
optical  and  MMW  systems  would  be  hard  to  detect.   The  low  band 
backlink  of  the  optical  systems  is  subject  to  exploitation  while 
the  MMW  backlink  is  not.   All  the  proposed  systems  may  suffer 
exploitation  from  captured  equipment. 

(S)   The  CARMONETTE  results  showed  that  during  a  clear  day  an 
IFF  system  was  not  necessary.   During  a  clear  night  the  IFF 
system  did  increase  the  force  effectiveness.   It  is  during  times 
of  marginal  visibility  that  an  IFF  system  was  most  effective  and 
one  based  on  GaAs  technology  could  not  be  used  at  that  time.   For 
this  reason  it  is  recommended  that  an  IFF  system  based  on  GaAs 
technology  not  be  considered  as  a  viable  alternative. 

(S)   The  MMW  based  IFF  system  has  two  advantages  over  a 
CO2  based  system.   It  is  compatible  with  a  MMW  acquisition  system 
and  the  MMW  backlink  is  not  exploitable  while  the  low  band 
backlink  of  the  CO2  system  is  exploitable. 

(S)   The  major  objection  to  a  MMW  IFF  system  is  the  level  of 
technology  in  the  area,  which  influences  component  availability 


33 


•  •  .1.  r,  , 


: :  :  :  : :  ;  ; 


1 1  j  I  Setftet :  • ! 


and  cost.   It  was  not  clear  several  years  ago  that  even  a  MMW 
demonstration  system  could  be  built.   The  areas  of  concern  were 
the  ability  to  obtain  oscillators  which  could  be  up-converted  to 
95GHz  and  maintain  the  necessary  coherence,  to  injection  lock  an 
Impatt  diode  with  a  spread  spectrum  signal,  to  compress  the 
spread  spectrum  signal  in  the  receiver  and  achieve  the  expected 
processing  gain,  and  to  build  an  omnidirectional  antenna  at  that 
frequency. 

(S)   To  demonstrate  that  these  tasks  were  feasible  Lincoln 
Laboratory  had  Hughes  build  two  95GHz  transceivers.   These  were 
modified  at  Lincoln  Laboratory  by  adding  a  convolver  compression 
network  and  omni-directional  antenna.   This  system  was  success- 
fully field  tested.   A  more  complete  description  of  the  system 
and  field  tests  is  contained  in  Reference  5. 

(S)   In  summary  a  MMW  system  is  the  most  desirable  system  in 
terms  of  propagation  characteristics.   Although  a  demonstration 
system  has  shown  that  the  technology  Is  available  to  perform  the 
IFF  function,  additional  development  is  necessary  to  reduce  costs 
and  make  the  system  easier  to  manufacture. 

(S)   A  COg  based  system  is  compatible  with  visible  and  FLIR 
acquisition  systems.   It  is  not  compatible  with  a  MMW  acquisition 
system  in  the  presence  of  dust;  however,  it  can  be  argued  that 
there  are  no  plans  to  field  a  MMW  radar.   The  technology  of  the 
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laser  and  receiver  need  further  development.   The  major  objec- 
tions to  the  system  are  that  the  microwave  backlink  is 
exploitable  and  presently  liquid  nitrogen  cooled  detectors  are 
required. 

(S)   A  GaAs  system  while  easiest  to  build  does  not  work  when  it 
is  really  needed,  that  is  under  obscuring  conditions.   This  is  such 
a  serious  difficiency  that  it  should  not  be  considered  as  a  viable 
alternative  under  any  conditions. 

V.   EXPLOITATION,  SPOOFING,  AND  JAMMING 

(S)   There  are  several  potential  methods  of  exploitation  and 
spoofing  which  will  be  examined: 

1.  (S)   The  enemy  listens  for  the  interrogation  and  thereby 

locates  the  interrogators. 

2.  (S)   The  enemy  listens  for  transponders,  thereby  locating 

them. 

3.  (S)   The  enemy  stores  and  rebroadcasts  the  interrogations 

thereby  locating  all  transponders. 

4.  (S)   The  enemy  puts  IFF  warning  receivers  on  its  vehicles 

to  determine  when  they  are  in  danger. 

5.  (S)   The  enemy  uses  a  captured  Interrogator  to  locate  all 

transponders . 

6.  (S)   The  enemy  puts  captured  transponders  or  duplicates  of 

them  on  their'  vehicles  and  thereby  is  mistaken  for  a 
friend. 

(S)   There  are  several  aspects  of  the  system  design  which 

bear  on  the  analysis  of  these  potential  vulnerabilities  which  are 

presented  in  Appendix  C.   The  waveform  is  a  coded  spread  spectrum 
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waveform  with  frequent  code  changes.   Since  a  friend  has  the 
code  he  can  do  coherent  integration  of  the  waveform  while  the 
enemy  would  have  to  rely  on  Incoherent  addition.   This  provides 
10-15db  advantage  to  the  friend.   The  interrogator  beams  are  very 
directional,  used  infrequently,  and  have  low  sidelobe  power,  all 
of  which  make  them  difficult  to  detect.   The  MMW  transponders 
have  very  low  power  and  can  only  be  received  by  a  highly  direc- 
tional antenna. 

(S)   Consider  the  problem  of  locating  the  interrogator.   If 
the  enemy  uses  a  low  gain  antenna  to  enable  him  to  observe  a 
large  part  of  the  battlefield,  then  he  can  only  detect  an 
interrogation  if  he  is  in  the  main  beam.   Because  of  the  highly 
directional  nature  of  the  interrogations  and  their  rather  low 
rate  of  use,  he  is  likely  to  see  less  than  one  interrogation 
during  the  battle. 

(S)   If  he  wants  to  detect  the  sidelobes  of  the  interrogator, 
he  also  has  a  problem.   For  the  optical  system  the  sidelobes  are 
very  low  and  probably  not  detectable.   The  MMW  wave  system 
interrogations  require  a  highly  directional  antenna  to  be  detec- 
table in  the  sidelobes.   Therefore,  he  can  only  look  at  a  small 
part  of  the  battlefield  at  one  time  and  he  again  will  see  less 
than  one  Interrogation  on  average  during  a  typical  15  minute 
battle.   A  more  effective  strategy  would  be  to  simply  look  for 
gun  flashes  which  are  easier  to  detect. 
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(S)   The  enemy's  use  of  a  receiver  to  detect  interrogations 
on  a  vehicle  close  to  the  FEBA  for  self  protection  is  of 
questionable  value.   Even  though  he  could  determine  that  he  was 
being  interrogated,  his  options  of  what  he  could  do  in  the  second 
before  weapon  firing  and  the  projectile  time  of  flight  are  very 
limited. 

(S)   The  enemy  would  have  a  similar  problem  in  trying  to 
detect  the  MMW  transponder  replies.   Because  of  the  low  power  of 
these  replies  a  highly  directional  antenna  is  required  and  the 
enemy  would  not  detect  even  one  reply  on  average  during  an  entire 
battle. 

(S)   Appendix  C  shows  that  it  would  be  relatively  easy  to 
detect  the  low-band  reply  of  the  optical  system  transponder. 
The  enemy  has  the  potential  of  exploiting  this  system  if  he 
wanted  to  invest  the  effort. 

(S)   Suppose  an  interrogation  is  intercepted  and  stored  (a 
difficult  task  because  of  the  wide  bandwidth),  it  is  only  useful 
until  the  next  CVI  (code  validity  interval)  which  is  a  fraction 
of  a  second.   This  stored  interrogation  could  be  transmitted  by  a 
high  power  amplifier  through  a  low  gain  antenna  and  cause  all  the 
transponders  to  reply.   The  reply  is  very  short  and  all  transpon- 
ders will  be  replying  at  -about  the  same  time.   Consider  the  MMW 
system  first.   A  highly  directional  antenna  must  be  used  by  the 
enemy  to  detect  the  transponder  and  he  can  scan  only  a  small  part 
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of  the  battlefield  in  a  fraction  of  a  second  and  is  unlikely  to 
locate  any  transponder  in  that  time. 

(S)   For  the  low-band  reply  of  the  optical  system  the  entire 
battlefield  can  be  observed  at  the  same  time  by  the  enemy  and  he 
could  detect  responses  from  all  the  vehicles  equipped  with 
transponders . 

(S)   If  the  enemy  captures  an  interrogator  he  can  use  it  to 
solicit  replies  at  will  and  he  will  be  able  to  locate  all 
transponders  for  both  the  optical  and  MMW  system.   A  captured 
interrogator  is  not  useful  forever  since  a  set  of  codes  in  the 
device  would  be  changed  in  a  time  frame  on  the  order  of  a  day. 
The  enemy  could  make  a  concerted  effort  to  capture  an  interroga- 
tor somewhere  on  the  battlefield  Just  after  the  validation  code 
is  changed  and  he  can  then  exploit  the  system  until  the  next  code 
change.   This  is  not  as  great  a  problem  for  the  air  IFF  system 
because  it  would  be  more  difficult  to  capture  intact  equipment 
except  for  the  Stinger  which  is  deployed  close  to  the  FEBA.   The 
air  defense  community  is  considering  putting  a  special  code  on 
the  Stinger  interrogator  which  high  altitude  planes  would  not 
respond  to  in  order  to  reduce  the  enemy's  ability  to  exploit  the 
MKXV  system.   A  similar  option  is  not  feasible  for  BIFF. 

(S)   The  equipment  capture  problem  has  not  been  addressed  in 
detail.   A  proposed  way  around  this  problem  is  to  require  an 
operator  of  the  IFF  system  to  perform  an  action  to  activate  the 
system.   One  possibility  would  be  for  him  to  insert  a  ROM  card 
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and  punch  in  a  person  specific  code.   This  action  would  allow  the 
interrogator  to  be  used  for  a  length  of  time  (15-30  minutes) 
before  it  must  be  reactivated  again. 

(S)   Another  potential  way  the  enemy  could  continue  to  exploit 
captured  equipment  is  to  obtain  the  code  of  the  day.   Since  there 
has  been  no  detailed  plan  generated  on  how  the  code  would  be 
distributed  on  the  battlefield  in  a  secure  manner  to  the  large 
number  of  dispersed  units,  no  comments  can  be  made  at  this  time  on 
how  vulnerable  this  system  aspect  is. 

(S)   Finally, consider  the  possibility  of  the  enemy  trying  to 
pretend  he  was  a  friend.   To  duplicate  the  transponder,  the  enemy 
would  have  to  duplicate  the  crypto  box  which  should  be  almost 
Impossible  even  if  he  had  an  intact  one  in  his  possession.    Even 
with  a  working  IFF  system  he  would  still  require  the  code  of  the 
day  to  make  it  functional.   It  does  not  appear  that  it  would  be 
cost  effective  for  the  enemy  to  try  to  exploit  the  system  in  this 
way.   It  would  generally  be  better  for  him  to  use  a  working  unit 
to  locate  all  the  transponders  on  the  battlefield. 

(S)   With  captured  equipment  the  enemy  could  try  guessing  the 
code  of  the  day.   However,  because  of  the  large  number  of 
possible  codes,  it  is  not  reasonable  for  him  to  even  attempt 
this. 

(S)   Instead  of  using  the  captured  equipment  to  locate  the 
transponders  he  might  try  to  continually  broadcast  an  interroga- 
tion code  over  the  entire  battlefield  and  overload  the  receivers 
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so  that  they  could  not  transpond.   Since  the  transponders  are 
being  built  to  process  overlapping  messages,  the  enemy  would 
require  several  interrogators  to  jam  the  transponder  in  this  way. 

VI.   CONCLUSIONS 

(U)   The  effect  of  an  IFF  system  on  the  battlefield  is  to 
increase  the  number  of  enemy  vehicles  killed  without  incurring 
an  unacceptable  fratricide  rate.   A  computer  simulation  of  two 
ground  battle  scenarios  was  performed  under  varying  visibility 
conditions.   The  results  indicated  that  when  the  weapon  systems 
must  rely  on  their  sensors  to  determine  whether  an  enemy  can  be 
engaged, then  they  do  a  reasonable  job  with  visible  light  sensors. 
However,  when  the  visibility  is  poor  or  at  night  FLIRs  are 
required  and  many  fratricides  occur.    An  -IFF  system  greatly 
improves  force  effectiveness  in  that  case. 

(U)   It  is  interesting  to  note  that  with  visible  light  sen- 
sors fratricide  is  not  a  big  problem  and  this  is  also  the  type  of 
sensor  that  was  used  in  past  conflicts.   FLIRS  are  just  coming 
into  use  in  the  battlefield, and  military  experience  and  judgement 
may  not  be  as  valuable  in  deciding  whether  an  IFF  system  is 
necessary  when  they  are  used.   It  is  realized  that  any  computer 
simulation  has  limitations;  however,  the  results  of  this  study 
indicate  that  fratricide  may  be  a  potential  problem  and  it 
requires  further  study. 
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(U)   Additional  analysis  to  that  provided  here  in  the  areas  of 
propagation,  turbulence,  jamming,  and  MMW  systems  is  contained  in 
the  following  publications  which  document  much  of  Lincoln 
Laboratory's  efforts  in  this  area. 

1.  M.  Gruber,  B.  Bakis,  "Battlefield  Applications  of  IFF 
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6.  W.  E.  Keicher,  "A  Jam  Resistant  Millimeter  Wave  Battlefield 
IFF  System"  (U) ,  1980  DoD/AOC  Electronic  Warfare  Symposium 
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(S)   The  IFF  function  can  be  performed  in  either  a  coopera- 
tive or  non-cooperative  manner.   The  tradeoffs  between  various 
proposed  Q/A  IFF  systems  were  examined.   Because  of  the  poor  per- 
formance of  a  GaAs  system  in  the  presence  of  dust  and  smoke  rela- 
tive to  acquisition  sensors  it  is  not  a  reasonable  candidate. 
The  CO2  based  system  has  the  disadvantage  of  requiring  a  cooled 
detector,  a  microwave  backlink  which  is  potentially  vulnerable, 
the  need  to  develop  a  rugged  laser,  and  an  Incompatibility  with 
battlefield  radar  in  the  presence  of  dust.   Research  may  elimi- 
nate the  first  three  objections  and  a  battlefield  radar  may  never 
be  deployed  in  which  case  the  CO2  based  system  is  a  viable 
option. 

(S)  The  MMW  Q/A  IFF  system  operating  at  95GHz  has  the  best 
performance  of  any  system;  however,  the  technology  level,  while 
allowing  a  demonstration  system  to  be  built,  does  not  allow  one 
to  presently  produce  these  systems  in  large  quantities  at  reason- 
able cost.  Several  other  MMW  sytems  which  are  being  developed 
may  pave  the  way  in  establishing  production  facilities. 
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ABSTRACT 


(S)  The  application  of  a  direct  question  and 
answer  (Q/A)  IFF  system  to  the  battlefield  IFF 
problem  represents  an  extension  of  this  approach 
beyond  its  traditional  role  in  air  defense  (i.e. 
Mark  XII).  However,  the  problems  encountered  on 
the  battlefield  are  sufficiently  different  to 
require  a  unique  approach.  As  part  of  the  NATO 
effort  to  define  a  new  IFF  system  three  basic  con- 
cepts for  a  battlefield  Q/A  IFF  (BIFF)  system  have 
been  under  active  investigation.  These  utilize 
either  a  laser  (GaAs  or  003)  or  a  mm-wave  source 
for  the  interrogation  link  and  a  S-band  or  nut-wave 
reply  link.  This  paper  will  discuss  these  concepts 
and  the  trade-offs  among  them  with  particular 
emphasis  on  compatibility  between  the  IFF  system 
and  the  acquisition/weapon  control  system. 


INTRODUCTION 

(U)   Identification  of  friend  or  foe  (IFF)  on  the 
battlefield  has  historically  relied  on  noncoopera- 
tive  approaches  based  on  a  variety  of  cues  derived 
from  an  image  of  one  type  or  another  augmented  by 
means  of  tactics  and  doctrine,  e.g.  target  geo- 
graphic location,  command  and  control  etc.  Identi- 
fication based  on  image  derived  cues  and  carried 
cut  by  a  human  operator,  while  in  principle  very 
flexible,  is  subject  to  both  physical  limitation, 
i.e.  the  target  has  to  be  close  enough  to  be 
adequately  resolved,  and  limitations  due  to  the 
variability  in  operator  proficiency  and  the  impact 
of  battlefield  stress.  Tactics  and  doctrine  rely 
on  a  reasonably  well  defined  battlefield  and  con- 
tinued communication,  command  and  control,  a  situa- 
tion which  is  not  necessarily  true  especially  since 
the  enemy  is  likely  to  put  a  premium  on  disrupting 
the  C->  capability  of  friendly  forces.  Hence  these 
traditional  means  of  identification  are  seen  as 
potentially  limiting  the  effectiveness  of  modern 
long  range  weapons,  e.g.  precision  guided  antitank 
missiles,  and  in  a  dynamic  and  confused  battlefield 
situation  to  possibly  lead  to  significant  fratricide. 
In  the  context  of  a  potential  conflict  between  NATO 
and  the  Warsaw  Pact  (WP)  nations  this  problem  is 
aggravated  by  the  multinational  nature  of  the 
friendly  forces,  e.g.  the  diversity  of  friendly 
targets.  As  a  potential  solution  to  alleviate  this 
problem  the  application  of  a  direct  question  and 
answer  (Q/A)  approach  to  IFF  on  the  battlefield  is 
being  investigated  by  NATO,  with  the  U.S.  as  a 


principal  participant.  It  should  be  emphasized 
that  a  Q/A  IFF  system  is  not  viewed  as  the  only 
source  of  IFF  information  but  as  a  significant  con- 
tributor particularly  in  situations  where  autono- 
mous identification  by  a  weapon  platform  is  required. 

(U)  The  application  of  a  direct  Q/A  system  for 
IFF  has  its  precedent  in  the  system  that  is  cur- 
rently used  in  air  defense  (e.g.  Mark  X,  XII). 

(U)  Essentially  the  same  motiviation,  i.e.  rapid 
and  reliable  identification  of  friends  at  ranges  com- 
mensurate with  weapon  capability,  is  providing  the 
impetus  for  examining  the  application  of  such  sys- 
tems on  the  battlefield.  However,  the  requirements 
for  BIFF  are  significantly  different.  For  example 
the  range  of  operation  is  typically  less  than  10  km, 
target  densities  are  higher  and  battlefield  obscur- 
ants (such  as  smoke  and  dust  -  the  "dirty"  battle- 
field) are  expected  to  play  a  major  role.  Further- 
more acquisition/weapon  control  systems  may  operate 
over  the  spectral  range  from  visible  to  mm-waves 
with  a  corresponding  wide  range  of  propagation 
characteristics  in  adverse  environments.  This  fact 
significantly  impacts  the  choice  of  operating 
frequency  or  frequencies  for  BIFF  since  one  of  the 
fundamental  requirements  on  any  BIFF  system  is  that 
it  be  performance  compatible  with  the  variety  of 
sensors  that  either  already  exist  or  are  expected 
to  appear  on  the  battlefield  in  the  future,  i.e.  in 
1990' s. 

(U)  Although  a  number  of  potential  concepts  have 
been  proposed  at  one  time  or  another  there  are 
currently  three  principal  candidates  for  the  in- 
terrogation link  and  two  for  the  reply  link.  This 
paper  will  focus  on  reviewing  the  principal  features 
of  these.  After  a  brief  description  of  the  concepts 
an  overview  of  propagation  considerations  will  be 
given  followed  by  some  results  of  a  acquisition 
sensor/BIFF  compatibility  analysis  which  addresses 
the  question  of  operational  utility  for  various 
combinations  of  acquisition  sensor  -  IFF  system 
concepts.  Two  companion  papers,  reference  1  and 
2,  will  provide  additional  detail  with  respect  to 
the  two  major  categories  of  systems,  optical  and 
mm-wave,  which  are  under  consideration. 

SYSTEM  CONCEPTS 

(S)  The  system  concepts  which  form  the  primary 
candidates  for  BIFF  are  shown  schematically  in 
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Figure  "1.  The  IFF  system  in  its  generic  form  con- 
•*l5t»-,of  an  interrogator  which  selectively  chal- 
lenges' the  target  to  be  identified  by  means  of  a 
•narrow  interrogation  beam,  and  a  transponder  on 
friendly  targets  which  (typically)  replies  omni- 
directionally to  the  challenge.  As  shown  in  Figure 
1  three  candidate  wavelengths  for  the  interrogation 
link  have  been  proposed  for  the  NATO  Identification 
System  (NIS).  These  are  .9ura  (GaAs  laser),  10.6um 
(OO2  laser)  and  ram-waves  ft  95  GHz) .  For  each  of 
these  wavelengths  several  options  are  under  con- 
sideration. In  the  case  of  the  optical  wavelengths 
these  basically  relate  to  the  type  of  detector 
used.  For  the  .9um  systems  both  silicon  PIN  diodes 
and  silicon  avalanche  diodes  are  under  investiga- 
tion. The  latter,  although  leading  to  a  somewhat 
more  complex  system  can  significantly  increase  the 
ability  of  a  .9um  IFF  system  to  operate  in  adverse 
environments.  In  the  case  of  10.6um  systems  both 
uncooled  detectors,  principally  pyroelectric  detec- 
tors, and  cooled  detectors  (HgCdTe)  are  being  pro- 
posed as  candidates.  The  appeal  of  pyroelectric 
detectors  is  the  relative  simplicity  of  implemen- 
tation of  a  quasi  omnidirectional  receiver  when 
compared  to  that  for  cooled  detectors.  Further- 
more the  necessity  for  cryogenic  cooling  is 
eliminated.  Both  these  factors  make  the  use  of 
pyroelectric  detectors  very  attractive.  However, 
in  addition  to  engineering  problems  such  as  the 
minimization  of  microphonics,  there  is  a  funda- 
mental problem  of  limited  sensitivity.  As  will  be 
discussed  later  this  limitation  is  such  that  the 
use  of  pyroelectric  detectors  does  not  appear  to 
be  a  viable  approach. 

(S)  In  the  case  of  mm-wave  systems  three  types  of 
waveform  modulation  have  been  considered.  In  order 
of  decreasing  complexity  these  are  PN  sequence 
biphase  modulation  (spread  spectrum),  linear  FM, 
and  pulse  modulation.  Reference  2  discusses  these 
in  more  detail. 

(S)  For  the  reply  link  two  frequency  options  have 
been  proposed.  These  are  mm-wave  (in  the  same 
frequency  region  as  the  interrogation  link)  and 
S-band  K  3  GHz)  or  so-called  Low  Band.  The  prin- 
cipal concern  in  this  case  is  the  susceptibility 
of  the  reply  link  to  ECM  (jamming)  and  ESM  (inter- 
cept). 

(U)  The  current  effort  within  NATO  is  concerned 
with  defining  the  parameters  of  a  NIS  with  suffic- 
ient detail  to  allow  interoperability  among 
different  nations.  Included  in  these  parameters 
are  the  one  or  more  wavelengths  to  be  used  for  the 
interrogation  link  and  the  wavelength  to  be  used 
for  the  backlink.  The  reason  that  several 'wave- 
lengths are  under  consideration  for  the  interro- 
gation link  is  that,  as  mentioned  in  the  intro- 
duction, there  is  a  broad  range  of  acquisition 
sensors  that  the  IFF  system  has  to  be  compatible 
with,  both  from  a  performance  point  of  view  and 
with  respect  to  integration  in  the  weapon  platform. 
A  major  concern  in  this  case  is  the  effect  of 
propagation  through  adverse  environments,  particu- 
larly for  those  cases  where  the  IFF  system  and 
acquisition  system  operate  in  different  spectral 
regions.  These  effects  are  summarized  in  the 
next  section. 


PROPAGATION 

(S)  Both  propagation  in  natural  environments ,  e.g. 
rain,  fog,  clear  air  etc.  and  man  made  environments 
e.g.  smoke  and  dust,  are  of  concern  on  the  battle- 
field. In  recognition  of  the  need  to  operate  in 
degraded  environments  there  has  been  and  continues 
to  be  a  major  emphasis  on  upgrading  the  capability 
of  acquisition  and  weapon  control  systems.  This 
emphasis  has  manifested  itself  for  example  in  the 
development  of  FLIR's  and  the  investigation  of  mm- 
wave  radars  for  use  on  the  battlefield.  Clearly  in 
order  to  be  useful  in  the  future  an  IFF  system  must 
be  compatible  with  these  advanced  sensors.  Although 
it  is  beyond  the  scope  of  this  paper  to  discuss  the 
effects  of  adverse  environment  in  detail  a  brief 
summary  is  useful.  The  major  effects  of  the  natural 
environment  are  summarized  in  Figure  2.  As  can  be 
seen  mm-waves  generally  suffer  less  atmospheric 
attenuation  than  either  of  the  two  optical  wave- 
lengths, the  one  exception  being  rain  where  attenu- 
ations are  comparable  for  the  three  wavelengths. 
Similarly,  attenuation  at  10.6um  is  generally  less 
than  at  0.9um.  Thus  systems  operating  at  longer 
wavelengths  will  enjoy  an  advantage  with  respect 
to  propagation  losses  relative  to  those  operating  at 
a  shorter  wavelength.  Broadly  speaking  the  im- 
plication of  this  property  is  that  from  a  propa- 
gation point  of  view  an  IFF  system  operating  at  a 
given  wavelength  will  be  compatible  (i.e.  suffer 
less  than  or  equal  attenuation)  with  any  acquisi- 
tion sensor  operating  at  comparable  or  shorter 
wavelengths.  This  same  property  also  holds  true 
for  artificial  smoke  as  illustrated  by  Figure  3. 
Although  not  shown  in  the  figure,  mm-waves  are 
essentially  unaffected  by  smoke.  Measurements  of 
propagation  through  dust  indicate  that  both  0,9um 
and  10. 6pm  propagation  is  affected  approximately 
equally.  MM-waves  on  the  other  hand  suffer  very 
negligible  attenuation  when  considering  vehicular 
dust.  In  case  of  debris  and  dust  generated  by 
shells  mm-wave  propagation  will  also  suffer  severe 
attenuation  but  for  much  shorter  periods  than  the 
optical  wavelengths. 

(U)  An  additional  propagation  effect  which  is 
significant  in  the  case  of  optical  wavelength  is 
turbulence  induced  signal  fluctuations.  This 
effect  can  be  quite  severe  as  will  be  shown  in 
reference  1.  Again  the  longer  wavelengths  have 
an  advantage.  While  atmospheric  scintillation  - 
at  mm-waves  is  not  a  significant  factor,  potential 
signal  fades  due  to  multipath  tend  to  somewhat 
offset  this  advantage.  The  impact  of  multipath  is 
dependent  on  the  nature  of  the  terrain,  beamwidths 
etc.  However,  preliminary  data  indicate  that  it  is 
not  likely  to  constitute  as  severe  a  problem  as 
atmospheric  scintillation. 

(U)  To  suntnarize  briefly  from  a  propagation  point 
of  view  it  is  desirable  to  operate  at  the  longest 
wavelength,  i.e.  at  mm-wave.  However,  both  poten- 
tial cost  and  complexity  as  well  as  availability 
of  appropriate  technology  tend  to  favor  the 
approach  using  GaAs  lasers.  Hence  to  make  an 
assessment  as  to  the  relative  merits  of  the 
different  concepts  it  is  important  to  consider  the 
imapct  on  overall  operational  utility  of  improved 
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propagation.  For  example  if  only  visible  acquisi- 
tion/weapon control  were  used  it  is  not  necessary 
that  the  IFF  system  be  capable  of  penetrating  smoke 
which  visually  obscures  the  target,  i.e.  the  im- 
proved propagation  characteristics  of  the  IFF 
system  would  not  lead  to  an  increase  in  operational 
effectiveness.  To  assess  the  latter  a  methodology 
was  developed  and  implemented  which  factors  in  the 
statistics  of  propagation  conditions  and  the  capa- 
bility of  the  acquisition  system  in  determining  the 
trade-offs  among  the  competing  concepts.  The  pro- 
cedure used  and  some  results  are  shown  in  the  next 
section. 


OPERATIONAL  UTILITY 

(U)   The  operational  utility,  as  used  here, can  be 
defined  as  the  percentage  of  time  that  a  given  IFF 
system  will  achieve  a  desired  level  of  performance 
when  operating  in  conjunction  with  a  postulated 
acquisition  system  and  taking  into  account  the 
statistics  of  environmental  conditions.  The 
methodology  employed  to  assess  the  effect  of  natural 
environment  is  illustrated  schematically  in  Figure 
4.  As  indicated  in  the  figure,  actual  meteoro- 
logical data  as  recorded  on  ETAC  weather  tapes 
provide  the  information  on  the  environmental  con- 
ditions necessary  to  determine  both  acquisition 
system  and  IFF  system  performance.  The  first  step 
in  the  evaluation  consists  of  determining  the  range 
at  which  the  acquisition  system  can  either  a) 
detect  a  target  or  b)  recognize  a  target.  The 
reason  for  considering  the  latter  is  that  firing 
doctrine  may  require  a  target  to  be  recognized 
(e.g.  verifying  that  it  is  a  tank  as  opposed  to  a 
less  valuable  target  such  as  a  truck)  prior  to 
engagement . 

(U)   These  ranges  are  based  on  models  of  the 
acquisition  system  and  in  the  case  of  imaging 
sensors  use  the  Johnson  criteria  for  detection  and 
recognition.  Once  these  ranges  have  been  deter- 
mined the  signal  to  noise  (S/N)  achieved  by  the 
IFF  system  is  determined.  The  output  therefore  is 
the  cumulative  distribution  of  S/N  obtained  for  the 
IFF  system  at  the  detection  (or  recognition)  range 
of  the  acquisition  sensor  over  the  sample  of 
weather  conditions  specified  by  the  selected  geo- 
graphic location  and  time  interval  as  recorded  on 
the  ETAC  tapes. 

(U)   The  analysis  was  carried  out  for  two  generic 
acquisition  sensors,  FLIRs  and  mm-wave  radars,  and 
each  of  the  IFF  system  concepts  described  above. 
Models  for  the  performance  of  both  current  FLIRs 
and  advanced  FLIRs  were  implemented  based  on  the 
specifications  for  the  TTS  and  PAVE  TACK  res- 
pectively. The  mm-wave  radar  parameters  were  taken 
to  be  those  for  the  STARTLE  mm-wave  radar.  Table  I 
summarizes  the  significant  parameters  assumed  for 
the  various  IFF  system  options.  It  is  not  feasible 
in  this  brief  paper  to  present  a  complete  set  of 
results.  Hence  attention  will  be  restricted  to 
highlighting  some  of  the  more  important  ones.  Only 
the  most  sensitive  FLIR  option  (designated  as  FLIR 
A,  NFOV)  and  the  mm-wave  radar  will  be  considered 
for  the  acquisition  sensors.  For  the  FLIR  three 
target  models  as  shown  in  the  subsequent  figures 


were  used  to  provide  an  indication  of  the  sensi- 
tivity to  target  characteristics.  The  nodels  are 
specified  by  a  temperature  difference  and  a  signi- 
ficant dimension.  They  are  given  by  (SO*C,  0.5m), 
(2°C,  2  M)  and  (0.5#C,  L  m),  and  are  intended  to 
be  roughly  indicative  of  a  hot  engine  compartment, 
nominal  tank  signature  and  a  cool,  partially  ob- 
scured tank  respectively.  Typically  the  nominal 
tank  parameters  (2*C,  2  ■)  represent  the  most 
stressing  case  for  the  IFF  system  because  the  FLIR 
can  detect  this  target  at  the  longest  ranges.  To 
provide  a  frame  of  reference  the  statistics  of  the 
FLIR  range  performance  are  shown  in  Figure  5  which 
shows  the  fraction  of  time  the  FLIR  detection  range 
is  greater  than  or  equal  to  a  given  value. 

(U)   In  the  succeeding  figures  (641 )  the  opera- 
tional utility  for  the  representative  system  de- 
rived in  Table  I  are  given.  Only  natural  environ- 
mental conditions  are  being  considered  for  these 
results.  The  selected  location  is  Hannover, 
Germany  during  the  fall  season.  In  each  plot  the 
voltage  signal  to  noise  ratio  is  given  as  a  measure 
of  IFF  performance  since  it  represents  a  basic 
characteristic  of  the  system  from  which  other 
measures,  such  as  single  bit  error  probability,  can 
be  readily  derived.  The  curves  indicate  the 
fraction  of  time  (i.e.  probability)  that  the  IFF 
system  achieved  or  exceeded  a  given  S/N  ratio. 

(S)  Figure  6  shows  the  result  for  a  GaAs  system 
with  a  silicon  PIN  diode  detector  when  operating 
with  the  FLIR  acquisition  system.  Results  for  both 
detection  and  recognition  are  shown.  Taking  into 
account  the  requirement  for  additional  S/N  margin 
required  to  compensate  for  turbulence  a  voltage 
S/N  ratio  of  £  20  represents  a  reasonable  criterion 
for  adequate  performance.  It  can  be  seen  that  for 
the  stressing  target  cases  the  IFF  system  would 
only  achieve  this  level  less  than  20*  of  the  time 
when  used  at  ranges  where  target  detection  occurs. 
The  situation  is  much  more  favorable  when  it  is 
required  that  the  IFF  system  be  only  capable  of 
matching  FLIR  recognition  ranges  as  shown  in 
Figure  6. 

(U)  When  the  silicon  PIN  diode  is  replaced  by  an 
avalanche  diode  detector  adequate  operational 
utility  is  achieved  for  both  detection  and  recog- 
nition as  shown  in  Figure  7.  This  is  due  to  the 
significantly  greater  sensitivity  that  can  be 
achieved,  albeit  at  the  cost  of  increased  system 
complexity. 

(S)  Similar  results  were  obtained  for  GO2  systems 
using  either  pyroelectric  or  cooled  detectors.  The 
conclusions  from  these  is  that  the  operational 
utility  for  systems  using  pyroelectric  detectors  is 
essentially  zero,  i.e.  the  voltage  S/N  ratio  is  less 
than  3  in  all  cases.  As  one  might  expect  the  CO2 
systems  with  the  cooled  detector  has  essentially 
100\  operational  utility  since  it  operates  in  the 
same  spectral  region  as  the  FLIR.  Figure  8  shows 
the  performance  of  a  postulated  mm-wave  system. 
In  the  absence  of  multipath  effects  a  voltage  S/N 
ratio  of  the  order  of  S  would  be  adequate.  As  the 
figure  shows  the  performance  of  this  system  would 
be  marginal  for  the  most  stressing  target  in  the 
case  of  target  detection.  To  provide  a  greater 


17 


UNCLASSIFIED 


UNULAJto'lHhD 


capability  either  more  transmitter  power  or  in- 
creased antenna  gain  is  required.  In  the  case  of 
recognition  adequate  operational  utility  is  readily 
achieved. 

(S)  Figures  8  through  11  address  the  question  of 
compatibility  with  a  mm-wave  radar.  Figure  9  shows 
the  comparison  between  the  two  GaAs  systems.  From 
this  figure  it  is  clear  that  the  less  sensitive 
system  (PIN  diode  detector)  has  a  low  level  of  op- 
erational utility  whereas  the  more  sensitive  system 
(avalanche  diode  detector)  ^achieves  about  95t  utility 
almost  independent  of  the  S/N  ratio  required.  This 
result  is  a  consequence  of  the  fact  that  fog  and 
haze,  which  are  essentially  transparent  to  urn-waves , 
occur  on  the  order  of  S-7%  of  the  time.  Since  it 
is  under  these  conditions  (in  addition  to  smoke  and 
dust)  that  a  ma -wave  radar  would  primarily  be  used, 
the  operational  utility  of  these  two  GaAs  systems 
was  evaluated  considering  only  fog  and  haze.  The 
results  are  shown  in  Figure  10.  Again  the  less 
sensitive  system  has  inadequate  performance.  In 
this  case  even  the  more  sensitive  system  can  only 
achieve  about  70%  operational  utility.  For  com- 
parison analogous  results  are  shown  in  Figure  11 
for  a  OO2  system  with  cooled  detectors  (pyro- 
electric  detectors  again  do  not  achieve  adequate 
performance).  As  can  be  seen* there  is  not  a  sig- 
nificant difference  between  the  more  sensitive 
GaAs  system  and  the  CO2  system  in  terms  of  the 
operational  utility  achieved.  This  is  primarily 
a  reflection  of  the  comparable  attenuation  that  is 
experienced  for  both  CO2  and  GaAs  systems  in  heavy 
fog. 

REPLY  LINK 

(S)  Clearly  for  the  IFF  system  to  successfully 
meet  its  objective  of  identifying  friends  with  high 
reliability  it  is  necessary  for  both  the  interro- 
gation link  as  well  as  the  reply  link  to  individu- 
ally achieve  high  reliability.  As  was  discussed 
above  in  the  case  of  the  interrogation  link  propa- 
gation through  adverse  (physical)  environments  is 
a  major  concern.  For  both  the  wavelength  options 
for  the  reply  link,  i.e.  £  3  GHz  or  95  GHz,  propa- 
gation is  less  of  a  concern  (except  possibly  with 
respect  to  multipath)  since  either  wavelength  will 
be  compatible  with  any  of  the  interrogation  wave- 
length options  under  consideration.  However,  the 
ECM  environment  in  which  IFF  system  may  need  to 
operate  constitutes  an  important  aspect  of  the  total 
IFF  problem,  particularly  with  respect  to  the  reply 
link  in  the  case  of  BIFF.  Considerations  of  both 
susceptibility  to  jamming  and  intercept  favor 
operation  at  the  shorter  (mm-wave)  wavelength. 
This  result  is  a  consequence  of  the  higher  'antenna 
gains  (i.e.  in  the  order  of  30  dB)  that  can  be 
achieved  at  mm-waves  compared  to  3  GHz  for  com- 
parable apertures.  Furthermore  having  both  the 
interrogation  and  reply  links  operate  at  mm-waves 
allows  parts  of  the  system  (e.g.  the  antenna)  to  be 
shared  between  the  transmitter  and  receiver  of 
either  the  interrogator  or  transponder.  As  is 
shown  in  Reference  2  in  the  case  of  a  platform 
equipped  with  both  an  interrogator  and  transponder 
(such  as  a  tank)  operating  at  ma -waves  a  single 
transmitter  and  receiver  (transceiver)  can  be  used 


to  carry  out  both  functions,  with  tho  cjihuju— I 
savings  in  equipment  cost,  sire,  weight,  etc. 

gjtWtt 

(S)  Of  necessity  not  all  of  the  issues  related  to 
the  choice  of  en  IFF  system  concept  for  application 
on  the  battlefield  were  discussed  in  this  paper. 
Attention  was  focused  on  the  compatibility  of  the 
IFF  system  with  acquisition/weapon  control  systems 
since  this  is  a  fundamental  requirement.  This 
problem  is  being  addressed  in  the  context  of  the 
operational  utility  that  a  given  IFF  system  can 
achieve  when  considered  in  conjunction  with  ad- 
vanced detection  systems.  From  these  considera- 
tions as  well  as  the  ECM  performance  of  the  reply 
link  operation  at  mm-waves  is  favored.  A  major 
issue  in  this  context  is  the,  state  of  technology  at 
each  of  the  candidate  wavelengths.  Clearly  fen-wave 
technology  is  not  at  present  at  the  same  level  as 
that  at  3  GHz  or  .9um  (GaAs) .  The  relative  state 
of  technology  at  the  CO2  laser  wavelength  as  com- 
pared to  mm-wave  is  less  easily  assessed  and  at 
best  is  controversial.  However,  the  need  for  cooled 
detectors  for  10.6um  systems  represents  a  definite 
disadvantage.  Furthermore  as  will  be  shown  in 
Reference  2  mm-wave  system  designs  based  on  present 
day  "catalog"  item  components  can  achieve  adequate 
performance.  With  the  current  emphasis  on  mm-waves 
for  a  variety  of  battlefield  applications  ranging 
from  communication  to  passive  sensors  it  can  be 
expected  that  significant  advances  in  increasing 
the  availability  and  decreasing  the  cost  of  mm-wave 
components  and  systems  will  be  achieved.  Hence  it 
is  felt  that  the  improved  performance  that  can  be 
realized  with  mm-wave  IFF  systems  makes  them  the 
principal  candidate  for  a  battlefield  IFF  particul- 
arly when  one  considers  the  potential  use  of  mm-wave 
radars  on  the  battlefield.  However,  the  relative 
simplificity  and  low  cost  of  0.9um  systems  offeran 
attractive  near  term  capability  particularly  when 
it  is  recognized  that  most  weapon  systems  currently 
rely  on  visual  acquisition  and  many  will  continue 
to  do  so  in  the  future.  Thus  it  appears  that  a 
dual  wavelength  interrogation  option,  i.e.  inter- 
rogation at  either  0.9um  or  mm-waves,  together 
with  a  mm-wave  reply  link  will  satisfy  both  near 
term  needs  while  providing  the  capability  which  is 
likely  to  be  required  in  the  future. 
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TABLE  I    (S) 
IFF  SYSTEM  PARAMETERS   (U) 


System 


Beamwidth 
(mrad) 


Transmit  Power 
(watts) 


NEP 
(watts) 


Pulse  Width 
(usee) 


Receiver  Area 
(cmz) 


^r 


GaAs  -  PIN  Diode  Detector 
GaAs  -  Si  Av  Detector 

8 
8 

70 
70 

1x10'' 
SxlO"10 

.035 
.035 

2.1 
1.9 

CO,  -  Pyro  Detector 

8 

10 

SxlO-7 

12.5 

1.6 

CO,  -  Cooled  Detector 
MM-Wave 

8 
43  dB 

(1) 

10 
5 

lxlO-9 
7  dB<2> 

12.5 
72  MHz 

(3) 

1.6 
3dB<4) 

(1)  transmitter  antenna  gain 

(2)  noise  figure 

(3)  noise  equivalent  bandwidth 

(4)  receiver  antenna  gain 
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(U)  Figure  3.  Kxtinction  coefficient  of  military 
aerosols.  (U) 


CU)  Figure  1.  Schematic  representation  of  candid- 
ate system  options  for  the  Battlefield  IFF.  (U) 
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(U)  Figure  2.  Specific  attenuation  due  to  gaseous 
constituents  and  precipitation  for  transmission 
through  the  atmosphere.  (U) 
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(II)  Figure  4.  Methodology  for  evaluating  the 
operational  utility  of  IFF  systems  conditioned  on 
acquisition  performance.  (U) 
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TARGET 
-     2°c/2m 


0.5°c/lm 

50°c/0.5m 


FLIR     RANGE    (km) 


(U)  Figure  S.  Statistics  of  FLIR  detection  range  for 
three  different  target  models.  (U) 
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(S)  Figure  6.  Operational  utility  of  a  GaAs  system 
with  PIN  diode  detector  when  operating  with  a  FLIR 
acquisition  system.  (U) 
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(S)  Figure  7.  Same  as  figure  6  but  for  a  GaAs 
system  with  a  silicon  avalanche  detector.  (U) 
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(S)  Figure  8.  Operational  utility  of  a  mm-wave  IFF 
svstem  when  operating  with  a  FLIR  acquisition 
sensor.  (U) 
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(S)   Figure  9.     Comparison  of  the  GaAs  system  options 
operating  with  a  mm-wave  radar  when  considering 
all  weather  conditions.    (U) 
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(S)  Figure  11.  Operational  utility  of  a  CO,  system 
with  cooled  detectors  operating  with  a  mm-wave 
radar  for  both  all  weather  conditions  and  fog  and 
haze  only.  (U) 


(S)  Figure  10.  Same  as  figure  9  when  only  fog  and 
haze  are  considered.  (U)  , 
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APPENDIX    B 

MEASUREMENT  SYSTEM  TO  RESOLVE  BIFF 
PROPAGATION  ISSUES   (U) 


INTRODUCTION 


(S)   The  operating  frequency  of  a  NATO  BIFF  Q/A  system  is 
still  under  consideration.   The  three  proposed  short  range 
systems  are  shown  in  Figure  Bl.   Two  of  the  IFF  systems  use  laser 
interrogators  (GaAs   or  CO2)  and  a  low  band  reply  link  frequency 
compatible  with  that  of  the  air  defense  system.   The  third  pro- 
posed IFF  system  would  use  MMW  signals  for  both  the  interrogate 
and  reply  links. 

(S)   The  MMW  propagation  phenomena  described  in  this  paper 
are  for  a  92.7GHz  system.   MMW  systems  operating  at  lower  fre- 
quencies have  also  been  considered  for  IFF  systems.   Since  propa- 
gation is  better  in  atmospheric  windows  at  the  lower  frequencies, 
the  conclusions  on  propagation  apply  to  these  systems  also. 

(U)   A  single  system  has  not  yet  been  specified  because  of 
the  many  considerations  involved  in  choosing  a  system.   The 
important  considerations  in  specifying  a  Q/A  BIFF  system  are: 

1.  Compatibility  with  acquisition  systems  in  transmission 
characteristics  and  angular  resolution 

2.  Size  and  weight 

3.  Vulnerability  to-  interception,  jamming,  and  spoofing 

4.  Technical  risk 

5.  Cost 
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6.  Durability 

7.  Logistics 

(S)   The  main  advantage  of  the  GaAs  system  is  the  low  tech- 
nical risk  and  low  cost.   The  CO2  system  has  better  transmission 
characteristics  in  smokes  but  requires  a  cryogenically  cooled 
detector  and  development  of  a  more  durable  laser.   The  low-band 
backlink  for  these  systems  is  more  vulnerable  and  will  suffer 
larger  multipath  effects  than  a  MMW  backlink.   The  MMW  system  has 
the  best  transmission  characteristics,  but  has  lower  angular 
resolution,  may  have  multipath  effects,  costs  more,  and  requires 
technological  development.   MMW  technology  is  at  a  level  in  which 
the  required  functions  can  be  demonstrated  at  95GHz  as  described 
by  W.  E.  Keicher1,  but  the  capability  of  mass  producing  these 
components  needs  to  be  developed. 

(U)   An  important  requirement  of  any  Q/A  IFF  system  is  that 
it  functions  properly  when  a  potential  target  has  been  acquired. 
Any  restrictions  placed  on  the  weapon  system  (such  as  weather 
or  battlefield  conditions)  limits  not  only  the  operational  uti- 
lity of  the  system,  but  also  undermines  the  confidence  of  the 
operator  in  the  effectiveness  of  the  system. 

(U)   Since  a  BIFF  system  will  probably  be  expensive  and 
all  NATO  nations  need  to -have  the  same  system,  it  will  probably 
be  in  use  longer  than  a  weapon  system.   Therefore,  in 
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considering  compatibility  with  acquisition  systems  one  should 
look  at  systems  which  will  be  used  in  the  next  20-30  years. 
Presently  on  the  ground  battlefield,  visible  light  optics  are  the 
major  acquisition  systems  in  use.   These  are  in  the  process  of 
being  augmented  with  common  mode  PLIR  devices  operating  in  the 
8-12  micron  wavelength  band.   Currently  a  STARTLE  MMW  radar  is 
being  developed  for  tanks  and  one  should  consider  its  potential 
deployment  within  the  next  20  years. 

(U)   Last  year  Gruber2  and  Humphreys'   considered  the  effects 
of  weather  on  the  proposed  systems.   Their  conclusions  were  that 
MMW,  C02>  and  GaAs  are  the  preferred  order  of  desirability  of  the 
systems  as  far  as  propagation  is  concerned.   In  this  paper  propa- 
gation through  various  man-made  obscurants  is  considered  with 
results  which  reinforce  the  former  conclusions. 
PROPAGATION  EXPERIMENT 

(S)   Propagation  measurements  were  made  with  a  transportable 
system  at  Camp  Edwards,  Mass.   The  transmitters  consisted  of  a 
HeNe  laser  operating  at  0.6328um,  a  GaAs  laser  operating  at 
0.904um,  a  CO2  laser  operating  at  10.6ym  and  a  MMW  transmitter 
operating  at  92.7GHz.   The  HeNe  laser  was  used  to  determine 
visible  obscuration  while  the  other  three  transmitters  model  the 
ones  being  considered  in  the  MTO  Identification  System. 
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(U)   Meteorological  data  and  the  received  pulses  were  digi- 
tized with  a  12-bit  A/D  converter,  time  tagged,  and  recorded  on 
magnetic  tape  in  the  system  diagrammed  in  Figure  b2.   The  1500  Hz 
rate  of  data  recording  was  synchronized  to  the  transmitted  pulses 
by  using  synchronization  pulses  from  a  commercial  TV  channel. 
The  detected  video  output  of  the  receivers  was  recorded  on  an 
analogue  recorder. 

(C)   In  a  separate  truck  the  output  of  an  AGA  thermal 
Imaging  camera  was  recorded.   This  8.5  to  11.5  micron  system  had 
a  3.5°  x  3.5°  field  of  view  with  0.5  milliradlan  resolution  and 
0.1°C  (at  27°C)  minimum  detectable  temperature  difference  which 
is  comparable  to  a  military  PLIR  in  performance  under  battlefield 
conditions. 

(U)   Data  was  taken  in  clear  air  to  verify  system  calibra- 
tion. Propagation  tests  were  then  performed  over  a  600  meter  path 
with  the  following  man-produced  obscurants  in  the  path: 

1.  (U)   HC  (Hexachloroethane)  smoke.   This  is  a  common  mili- 

tary smoke  which  was  deployed  by  using  smoke  pots. 

2.  (U)   WP  (White  Phosphorus)  smoke.   This  smoke  was  deployed 

by  using  smoke  grenades  in  the  normal  tank  launcher. 

3.  (U)   Vehicular  dust.   This  was  generated  by  dragging  a 

cyclone  fence  over  the  propagation  path. 

4 .  (U)   105mm  shell  explosions.   These  were  produced  by  deto- 

nating 105mm  shells  which  were  buried  along  the 
propagation  path. 

(U)   No  measurements  were  made  of  the  density  of  the  obscur- 
ants.  The  attenuation  level  of  WP  smoke  should  be  similar  to 
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that  encountered  in  a  battlefield  since  it  was  deployed  as  a 
tank  would.   The  amount  of  dust  raised  by  one  truck  in  this  test 
is  much  less  than  the  maximum  one  would  expect  on  a  battlefield. 
The  HC  smoke  was  produced  by  3  standard  military  smoke  pots 
spaced  100  ft.  apart  and  the  smoke  level  is  comparable  to  what 
would  be  expected  on  the  battlefield. 
DATA  ANALYSIS 

(U)   Optical  data  taken  with  no  obscurants  present  was  com- 
pared to  theory,  both  to  verify  the  data  taking  and  reduction 
process  and  to  gather  scintillation  data  which  could  be  compared 
to  the  scintillation  data  with  obscurants  present.   The  amplitude 
of  the  return  is  expected  to  have  a  log-normal  distribution. 
Over  a  path  of  uniform  turbulence  when  the  turbulence  integrated 
along  the  path  is  not  too  strong,  the  variance  of  the  log  inten- 
sity for  a  spherical  wave  is  equal  to  . 

a     =   0.5  Cn2  k7/6   L11/6  (1) 

where    Cn2  is  the  refractive  index  structure  constant, 
k  is  the  wavenumber,  2n/X, 

and      L  is  the  path  length. 

(U)   The  above  formula  applies  to  a  point  detector  or  one 
much  smaller  than  the  Presnel   length  (/2XL)  which  is  the  average 
size  of  the  turbulence  cells  at  the  receiver.   For  larger  aper- 
tures used  in  this  experiment  the  measured  scintillation  is 
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reduced  by  an  aperture  averaging  effect.   For  low  angular  beam 
divergences  and  turbulence  levels  not  close  to  saturation 
(conditions  which  applied  in  these  experiments)  a  good  approxima- 
tion to  the  true  log  -  intensity  variance,  aj     measured  by  an 
aperture  of  diameter  d,  can  be  found  from  the  measured  value,  o2, 
by  solving  the  equation" 

exp  (o2)-l   =   ?  [expCoj2)-!]  (2) 

where 

?  =  (XL/d2)  /  [1  +  UL/d2)]  (3) 

(U)   Scintillation  measurements  were  taken  on  various  days. 
A  typical  time  plot  of  a  sensor  return  is  shown  in  Figure  B3.. 
The  HeNe,  GaAs,  and  CO2  sensors  for  the  same  time  are  compared 
to  a  log-normal  intensity  curve  with  the  same  standard  deviation 
as  the  data  in  Figures  B4  ,  B5  and  B6 .  The  agreement  is  very 
good. 

(U)  From  the  standard  deviation  of  each  set  of  data  Cn2  can 
be  calculated  from  equation  1.  Very  good  agreement  was  achieved 
between  the  predicted  values  of  Cn2  derived  from  the  three  wave- 
lengths under  various  turbulence  conditions. 

(U)   The  effect  of  scintillation  is  to  increase  the  S/N 
necessary  to  get  a  message  through  with  a  given  probability  of 
error,  Pr(e).   This  additional  S/N  required,  ASNR,  is  plotted 
versus  the  variance  of  the  log  intensity  in  Figure  B7  for  pulse 
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(U)   Fig.  B3.  GaAs  laser  signal  vs.  time. 
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(U)   Pig.  B4.  Intensity  histograms  of  the  HeNe  laser 
signal  compared  to  a  log-normal  distribution 
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(U)   Fig.  B5.  Intensity  histograms  of  the  GaAs  laser 
signal  compared  to  a  log-normal  distribution. 
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(U)   Pig.  B6.   Intensity  histograms  of  the  C02  laser 
signal  compared  to  a  log-normal  distribution. 
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position  modulation  (PPM)  which  is  not  as  strongly  affected  by 
turbulence  as  other  modulation  formats  such  as  on-off  keying 
(00K)  .   Values  of  a^   as  high  as  0.5  would  not  be  uncommon  on  a 
clear  sunny  day  over  a  path  length  of  several  kilometers.   The 
curve  indicates  that  several  orders  of  magnitude  more  power  are 
required  to  achieve  a  given  error  probability  with  normally 
expected  values  of  turbulence  in  the  path.   The  effect  is  worse 
at  GaAs  than  at  CO2   laser  wavelengths  because  of  the  dependence 
of  a^  on  wavelength. 

(U)   The  large  additional  S/N  required  above  that  necessary 
to  transmit  over  a  given  path  length  can  be  considerably  reduced 
by  repeating  the  message  with  a  time  spacing  greater  than  the 
correlation  time  of  the  turbulence,  by  the  use  of  parallel 
receivers  spaced  greater  than  the  correlation  length  of  tur- 
bulence, or  by  using  error  correcting  codes.   These  are  discussed 
in  reference  6. 

(U)   Temperature  fluctuations  which  are  the  main  cause  of 
scintillation  at  optical  wavelengths  are  not  the  predominant 
cause  at  MMW  frequencies  where  humidity  variations  are  the  main 
cause  of  scintillations'.   The  effect  is  only  a  couple  of  db  at 
worst  over  ranges  up  to  8  km  and  it  consequently  does  not  affect 
system  operation  as  much  as  optical  scintillation.   This  effect 
was  not  measured  in  the  experiment  because  the  10Hz  receiver 
bandwidth  of  the  MMW  system  averaged  out  the  fluctuations. 


66 

Unclassified 


4 


Unclassified 


(U)   The  purpose  of  the  measurements  through  the  obscurants 
was  not  only  to  measure  the  relative  attenuation  at  the  various 
wavelengths  but  also  to  see  if  there  were  a  correlation  between 
attenuation  and  scintillation.   Figures  B8,  B9 ,  BIO  show  the  time 
history  of  the  HeNe,  GaAs  and,  CO2  laser  signals  through  dust. 
Notice  that  there  is  a  reduction  of  the  scintillation  level  as 
the  attenuation  increases:   A  more  careful  examination  of  these 
data  shows  that  the  scintillation  reduction  occurs  mainly  at  low 
values  of  attenuation.   At  higher  attenuation  levels  the  signal 
fluctuation  is  higher.   With  the  other  obscurants  there  was  no 
appreciable  effect  on  the  fluctuation  level.  Therefore  for  the 
man  made  obscurants  used  in  this  experiment  the  degradation  due 
to  scintillations  and  attenuation  are  additive  for  high  atte- 
nuation levels. 

(U)   The  data  at  all  wavelengths  were  recorded  simulta- 
neously.  With  dust  present  if  the  received  signals  at  two  wave- 
lengths are  plotted  versus  each  other  on  a  log  scale  Figures  Bll, 
B12 ,  B13  result.   The  slope  of  the  curves  Indicates  the  relative 
attenuation  at  the  two .wavelengths .   From  these  figures  one 
observes  that  the  relative  attenuation  of  GaAs  and  HeNe  laser 

« 

radiation  is  the  same,  that  CO2  radiation  has  about  0.7  the 
extinction  coefficient  of  GaAs,  and  that  the  MMW  signal  is  unaf- 
fected by  the  dust.   The  dust  in  this  case  was  produced  on  a 
sandy,  dry  soil.   Different  values  of  relative  attenuation  can  be 
produced  by  other  soil  types. 
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(U)      Pig.    B8.      HeNe   laser   signal   with  dust   in   the  path. 
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(U)   Pig.  B9.   GaAs  laser  signal  with  dust  in  the  path. 
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(U)   Fig.  BIO.  C02  laser  signal  with  dust  in  the  path. 
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(U)   Fig.  Bll.  Relative  transmission  of  a  GaAs  and  HeNe 
laser  signal  with  dust  in  the  path. 
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(U)   Fig.  B12.  Relative  transmission  of  a  GaAs  and  C02 
laser  signal  with  dust  in _ the  path. 
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(U)   Fig.  B13.  Relative  transmission  of  a  GaAs  laser  and 
a  MMW  signal  with  dust  In  the  path. 
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(U)   White  Phosphorus  smoke  had  a  much  smaller  effect  on  the 
CO2   system  than  on  the  GaAs  system.   It  had  no  effect  on  the  MMW 
system.   The  HC  smoke  strongly  affected  the  HeNe  and  GaAs  laser 
systems  while  having  a  negligible  effect  on  the  CO2  and  MMW 
system.   When  the  105mm  shells  were  exploded  on  the  path  they 
produced  very  large  values  of  attenuation  which  affected  all 
systems  equally.   This  was  probably  a  geometric  obscuration 
effect  due  to  large  chunks  of  earth  thrown  up  into  the  path.   The 
effect  lasted  for  several  seconds  with  full  recovery  a  function 
of  wind  conditions  and  soil  type  since  the  falling  debris  leaves 
dust  behind  which  is  removed  by  the  wind. 

(U)   In  a  FLIR  image  the  important  consideration  in  deter- 
mining the  visibility  of  an  object  is  the  contrast  ratio  which  is 
the  measured  temperature  difference  between  two  objects  nor- 
malized to  an  initial  difference.   The  contrast  ratio  decreases 
not  only  by  attenuation  of  the  energy  radiated  by  the  body  but 
also  by  energy  scattered  or  radiated  by  the  obscurant.   Therefore, 
the  contrast  ratio  is  expected  to  decrease  as  fast  as,  or  faster 
than,  a  laser  signal  in  that  waveband. 

(U)   Two  rectangular  black  bodies  differing  in  temperature  by 
several  degrees  Centigrade  were  placed  about  15  feet  to  the 
right,  5  feet  below,  and  at  the  same  range  as  the  receivers.   The 
image  of  these  black  bodies  was  examined  at  various  measured 
attenuation  levels  of  the  laser  systems  for  the  different 
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obscurants.   The  thermal  Image  was  digitized  and  displayed  in 
discrete  light  levels.   The  variation  in  contrast  ratio  was 
approximately  proportional  to  the  measured  attenuation  level 
although  the  registration  was  not  exact  due  to  the  spatial  struc- 
ture of  the  obscurants  and  the  physical  separation  of  the  laser 
and  AGA  system. 

(U)   Figure  Bl4  shows  the  images  of  the  black  bodies  for 
varying  amounts  of  dust  in  the  path.   The  cooler  black  body  is  to 
the  left  of  the  hot  black  body  which  is  the  brightest  object  in 
the  image.   The  receiver  truck  is  the  larger  square  object  to  the 
left  of  this.    Next  to  each  image  the  one  way  attenuation  of  the 
MMW  and  optical  systems  is  indicated.   In  the  PLIR  image  at  a 
contrast  level  of  0.16  the  two  calibration  plates  are  not 
resolvable.   By  adjusting  the  black  level  contrast  of  the  image, 
it  is  possible  to  resolve  the  plates  at  this  contrast  ratio; 
however,  this  is  close  to  the  lowest  contrast  ratio  which  is 
resolvable.   In  this  case  the  attenuation  of  the  CO2  signal  is 
b"db,  while  the  GaAs  and  HeNe  signals  experience  12dB  attenuation. 
With  normal  receiver  signal  margin  levels,  any  of  the  IFF  systems 
would  be  compatible  with 4 the  FLIR  in  the  presence  of  dust. 

(S)   Figures  B15  and  Bl6  show  the  same  information  with  HC  and 
WP  smoke  present.   The  thermal  images  of  the  two  black  bodies  are 
clearly  distinguishable  at  obscurant  levels  at  which  the  GaAs  IFF 
system  would  not  be  compatible  with  the  FLIR. 
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CONCLUSIONS 

(U)   Optical  systems  are  significantly  affected  by  tur- 
bulence Induced  scintillations.   There  are  ways  to  reduce  this 
effect  but  these  increase  the  complexity  of  the  system. 

(U)   If  a  weapon  system  has  only  a  visible  acquisition 
system  then  an  IFF  system  operating  at  0.9  or  10.6pm  laser  wave- 
lengths, or  at  MMW, would  be  compatible  with  it  in  the  presence  of 
natural  and  man-made  obscurants. 

(S)   If  a  weapon  system  has  a  FLIR  type  acquisition  system 
then  an  IFF  system  operating  at  10. 6pm  or  at  MMW,  would  be  com- 
patible with  it.   A  0.9pm  system  would  not  be  compatible  with  it 
in  the  presence  of  obscuring  HC  or  WP  smoke. 

(S)   If  a  weapon  system  has  a  MMW  acquisition  system  then  an 
IFF  system  operating  at  MMW  would  be  compatible  with  it.   A  0.9 
or  10.6pm  laser  system  would  not  be  compatible  with  it  in  dust  or 
heavy  fog.   In  addition  the  GaAs  system  would  not  be  compatible 
with  it  in  the  presence  of  HC  or  WP  smoke. 

(S)   Presently  the  Army  Is  not  committed  to  fielding  an  IFF 
system  since  the  effectiveness  of  such  a  system  has  not  been 
demonstrated.   Richardson"  is  addressing  this  problem  and  is  pre- 
senting the  results  of  a  computer  simulation  of  IFF  effectiveness 
in  various  tactical  situations.   If  a  decision  is  made  to  deploy 
a  BIFF  system  it  will  not  be  fielded  until  the  1990' s  at  which 
time  95GHz  t  .-chnology  may  be  advanced  to  a  state  so  it  can  be 
considered  for  an  operational  system. 
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TABLE    II    (U) 

RELATIVE   EXTINCTION    COEFFICIENTS    OF   VARIOUS 
SENSORS    COMPARED   TO    A   GaAs    LASER      (U) 


White 

HC 

Dust 

Artillery 

Phosphorus 

Smoke 

Smoke 

0.6328ym 

2.1 

1.2 

1 

1 

0. 904pm 

1 

1 

1 

1 

10 .6pm 

0.15 

<.015 

0.7 

1 

92.7  GHz 

0 

0 

0 

~  1 
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APPENDIX  C 
EXPLOITATION  AND  SPOOFING  OF  IFF  SYSTEMS  (U) 
INTRODUCTION 


(U)   W.  Kelcher  has  considered  this  problem  from  a  slightly 
different  point  of  view  in  reference  6.   In  this  Appendix  the 
problem  of  the  enemy  intercepting  either  the  interrogator  or 
transponder  waveform  in  order  to  locate  the  transmitter 
("exploitation")  or  for  use  in  a  repeater  ("spoofing")  is  con- 
sidered. 

(S)   In  order  to  perform  a  quantitative  analysis,  particular 
system  parameters  must  be  used.   It  is  desirable  to  use  the  same 
waveform  coding  for  the  low-band  microwave  backlink  and  the  MMW 
system  as  in  the  air  defense  MK15  system  to  reduce  development 
and  procurement  costs.   In  addition  the  frequency  of  the 
microwave  backlink  should  be  the  same  as  that  of  the  MK15  system. 
Presently  neither  a  coding  format  nor  a  frequency  band  has  been 
chosen  for  this  system.   It  is  known  that  some  form  of  coding  for 
each  bit  in  which  a  gain  of  about  100  will  be  used.   Message 
stagger  in  which  the  time  separation  between  bits  is  variable 
will  also  be  considered.   The  two  frequency  bands  under  con- 

* 

sideration  are  L  and  S  band.  The  analysis  in  this  Appendix  was 
done  for  the  better  performing  S  band  system.  The  deficiencies 
of  the  S  band  systems  are  exacerbated  if  L  band  is  chosen. 
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(S)   The  coherent  MMW  waveform  system  has  each  bit  coded  with 
a  spread  spectrum  waveform  composed  of  N  chips  and  it  is  assumed 
that  the  enemy  knows  the  structure  of  the  code  (bit  length, 
number  of  bits)  but  he  does  not  know  the  specific  code. 
Therefore,  he  has  to  rely  on  incoherent  integration  which  results 


in  a  processing  gain  of  /  N   .   The  enemy  cannot  incoherently  add 
all  the  pulses  of  the  message  because  of  the  variable  stagger 
pattern  which  the  enemy  does  not  know. 

(S)   The  optical  system  would  be  incoherent  and  there  would 
not  be  any  processing  gain.   For  that  case  N  is  equal  to  1. 
Consider  the  scenario  depicted  in  Figure  C-l.   The  interrogator 
is  located  at  A,  the  vehicle  being  interrogated  is  at  B  and  the 
enemy  receiver  is  at  C. 
INTERROGATION  INTERCEPTION 

(U)   Consider  first  the  problem  of  trying  to  intercept  the 

interrogation.    The  interrogator  energy  density  at  the 

transponder  is 

E  GM 
Et  =   (C-l) 

4tt  Rx2 

where    E  is    the   energy   in   one    chip   of    information,    and   Cfyi  is    the 
mainlobe   gain  of    the   interrogator   antenna   In   the   direction   of    the 
transponder. 
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(S)   If  the  transponder  has  an  antenna  gain  Gr  the  signal  to 
noise  ratio  in  the  receiver  output  after  the  processing  gain  N  is 

S  EGMGrNX2 

(  —  )   =    5—5 (C-2) 

N   B      (4i02Ri2  kT0Ls 

when  k  is  Boltzmann's  constant 

T0  is  the  absolute  temperature  of  the  receiver 

Ls  is  the  system  loss,  and 

X  is  the  wavelength. 

(S)   At  the  enemy  receiver  which  has  an  antenna  gain  Ge,  the 

signal  to  noise  ratio  is 


,__£_)   =       E  G  Ge  /  N   X2 (c_3) 

N   E        (4tt)2  (Rj  +  R2)2k  T0  Lse 

where  G  is  the  gain  of  the  interrogator  antenna  in  the  direc- 
tion of  the  enemy  receiver. 

(S)   The  ratio  of  the  signal  to  noise  ratio  at  the 
transponder  and  the  enemy  receiver,  RSN  is 

GM  Gr  /~N~  Lse       (RX  +   R2)2 

RSN  =  (C— 4) 

G   Ge       Ls  R12 

(S)   For  the  IFF  system  to  work  reliably,  it  should  have 
about  lOdB  more  power  than  absolutely  necessary;  therefore  the 
S/N  at  the  transponder  should  be  about  20dB  at  maximum  range. 
The  enemy  receiver  could  detect  a  signal  with  the  S/N  equal  to 
lOdB.   The  value  of  N  is  typically  about  125.   Assume  the  losses 
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of  the  friendly  transponder  and  the  enemy  receiver  are  the  same. 
Assume  R2  is  half  of  R^ .   In  order  for  the  enemy  to  receive  the 
transponder  interrogation  waveform  the  following  must  apply: 


.12  Gm  Gr  /~N~ 

Ge  >         (C-5) 

G 

(S)   Let  the  gain  of  the  transponder  be  about  2.   (The  opti- 
cal receiver  gain  would  probably  be  greater  than  2.   The  conclu- 
sions reached  would  apply  more  strongly  if  this  were  the  case.) 
If  the  enemy  receiver  is  in  the  mainbeam  of  the  interrogator  then 
Ge  which  is  the  minimum  required  enemy  receiver  gain  would  be  3 
for  the  MMW  system  and  0.25  for  the  optical  system. 

(S)   What  is  the  possibility  of  the  enemy  receiver  being  in 
the  main  beam  of  an  IFF  interrogation?   The  range  of  angles  an 
interrogator  would  wish  to  observe  on  the  battlefield  is  at 
least  90  degrees  In  horizontal  extent  and  5  degrees  in  elevation. 
A  12  inch  interrogate  antenna  with  a  95GHz  system  would  have  a 
beamwldth  of  about  0.2  degree.   There  would  be  over  10,000 
possible  beam  positions  the  interrogator  could  be  pointing  to. 
Since  CARMONETTE  estimated  that  there  would  be  a  total  of  3000 
interrogations  in  the  entire  battle,  chances  are  an  enemy 
receiver  would  not  receive  any  main  lobe  interrogations  during 
the  battle.   Since  the  beamwidth  of  an  optical  system  would  be 
considerably  smaller  than  the  MMW  one,  the  conclusion  applies 
even  more  strongly  in  that  case. 
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(S)   If  the  receiver  were  mounted  on  a  vehicle  close  to  the 
FEBA  then  there  is  a  good  chance  that  the  vehicle  will  be 
interrogated  Just  before  it  got  fired  upon.   It  does  the  enemy  no 
good  to  rebroadcast  the  interrogated  signal.   Even  though  other 
IFF  transponders  would  reply,  because  the  time  delay  of  the 
response  would  be  too  long  and  because  the  Interrogator  with  its 
narrow  beam  antenna  would  not  detect  the  replies,  the  enemy 
vehicle  would  still  be  fired  upon. 

(S)   Consider  the  problem  of  trying  to  listen  for  the 
Interrogator  not  in  the  main  beam  but  in  the  sidelobes.   For  a 
poor  MMW  interrogator  antenna  50  per  cent  of  the  energy  spills 
into  the  sidelobes  and  G  would  equal  0.5.   For  this  case 

Ge   >  6  GM  (C-6) 

(S)   Therefore  the  gain  of  the  enemy  antenna  would  be  greater 
than  that  of  the  interrogator.   The  chance  that  this  antenna 
would  be  looking  in  the  direction  of  the  transponder  when  it  is 
replying  is  less  than  one  for  the  entire  battle  since  there  are 
less  than  3000  replies.   Since  the  sidelobes  of  the  optical 
system  are  considerably  lower  than  the  MMW  system,  the  optical 
system  would  be  even  harder  to  detect  in  the  sidelobes. 

(S)   Therefore  the  enemy  would  not  receive  even  one  interro- 
gation on  average  in  the  entire  battle  for  both  the  MMW  and 
optical  interrogators. 

(S)   The  transponder  in  the  MMW  case  would  send  the  reply 
over  the  same  antenna  used  to  receive  the  interrogation  and  the 
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interrogator  would  receive  the  reply  over  the  interrogation 
antenna.   A  lower  band  microwave  signal  would  be  used  for  the 
reply  in  the  optical  system.   The  antenna  gains  would  be  dif- 
ferent than  the  optical  ones. 

(S)   Once  again  referring  to  Figure  C-l,  the  S/N  at  interro- 
gator A  due  to  energy  E^  radiated  by  the  transponders  is 

S  Ef-  GM  N  X2 

(  )    =     \        5 (C-7) 

N    A      (4tt)2  Ri2  k  T0  Ls 

(S)   Since  equation  C-2  is  the  same  as  C-7,  this  indicates 
that  the  Interrogator  and  transponder  power  level  should  be  the 
same  in  order  to  ensure  equal  S/N  in  the  receiver  for  the 
interrogator  and  transponder.   This  assumes  the  spread  spectrum 
code  is  the  same  for  interrogate  and  reply  links. 

The  S/N  at  the  enemy  receiver  is 

S  Et  Gr  Ge  f~W~   X2 

(  )     =   (C-8) 

N  (4*)2  R!2  k  T0  Lse 

(S)   The  transponder  antenna  is  omnidirectional  and  has  the 

same  gain  in  the  enemy  direction.   The  ratio  of  the  signal  to 

noise  ratios  is: 

GM  /IT  R2   _ 

RSN   =  ( )2 

Ge  RX                (C-9) 
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(S)   Once  again  if  lOdB  more  signal  to  noise  ratio  is 
required  by  the  interrogator  than  the  enemy  and  R2  is  one-half 
of  Ri  then  the  minimum  enemy  antenna  gain  is. 

gm    rw 

Ge  >   (C-10) 

40 

For  the  MMW  case 

Ge  >      0.3GM 

(S)   For  the  case  previously  considered  the  beamwidth  of  the 
enemy  antenna  is  at  most  0.4  degrees  and  there  are  over  2000  beam 
positions  to  examine  on  the  battlefield.   Therefore,  there  is  a 
low  probability  of  intercepting  the  MMW  response. 

(S)   For  the  optical  system  if  the  reply  link  is  3GHz  and  an 
antenna  as  large  as  12  Inches  is  allowed,  the  beamwidth  of  the 
receive  antenna  at  the  interrogator  could  be  20  degrees.   If  the 
waveform  were  not  coded,  then  the  enemy  could  use  a  lower  gain 
antenna  to  continuously  observe  the  entire  battlefield  and  all 
transponder  pulses  would  be  received.   If  a  coded  waveform  with  a 
processing  gain  of  125  were  used,  an  antenna  with  a  shaped  beam  of 
180  degrees  horizontally  and  5  degrees  vertically  would  still  be 
able  to  detect  all  the  transponder  replies.   If  the  enemy  decided 
to  locate  the  interrogator,' he  would  probably  use  several  antennas 
with  monopulse  capability  to  do  10  to  1  beamsplitting  to  locate 
the  responders  within  a  square  degree. 
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(S)   It  is  possible  to  have  a  higher  processing  gain  at  S 
band  than  at  MMW  frequencies  because  of  the  greater  absolute  sta- 
bility of  the  S-band  oscillators.   For  instance  N  is  4  or  5  times 
higher  in  the  air-to-air  IFF  system.   If  the  higher  gain  is 
introduced,  it  makes  the  S-band  signal  a  little  harder  to  detect 
but  the  conclusion  that  the  backlink  is  exploitable  still  holds. 

(S)   Therefore, it  is  extremely  difficult  for  the  enemy  to 
intercept  the  MMW  transponder  reply  of  the  optical  system  while 
the  low  band  reply  is  relatively  easy  to  detect. 
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